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ABSTRACT 
The objective of this 4-year research project was to evaluate the performance of 
channel catfish (Ictalurus punctatus) fingerling production in the Partitioned Aquaculture 
System (PAS). The goal was to demonstrate production of 80-gram minimum sized 
fingerlings in a single growing season, allowing for 100% market-size fish production 
after one additional season in the grow-out PAS. 
A series of 2-inch airlift pumps fed by a single 3-hp low-head blower was found 
to be capable of supplying sufficient water flow-rate (in 2005, 2006, and 2007) of 
gpm per container to 9 cohorts.  A series of 0.75-hp axial flow pumps (in 2005, 
2006, and 2007) were required for each 1/4th inch net-pens providing an average flow of 
 gpm/cohort.  In 2008 it was found that sufficient water flow to both 
fry/fingering containers and cells could be maintained using the paddlewheel generated 
flow (passive flow) yielding an average flow rate of 
6.65.43 ±
3.46335 ±
273444,2 ± gpm/cell but produced 
as lower cell cross-sectional flow- rate of 0.34 ft/sec as compared to 1.82 ft/sec. Passive 
flow reduced overall power consumption by 58% to 7,409 kw-hr/acre-yr.  Under passive 
flow conditions a flow deflector of 12’ by 12’ positioned at an angle of 45 degrees in the 
water path was found to be necessary to generate a flow vortex within the container to 
provide feed retention within the containers and prevent fry disorientation. Over the four 
year culture period, average morning water temperatures ranged from 25.6-27.7 °C. 
 
 
iii 
 
 
 
 
 
 
 
 
 
 
Average morning dissolved oxygen concentrations ranged from 4.3-5.3 mg/L with an 
average dissolved oxygen drop across the fingering containers ranging from 0.20-0.84 
mg/L. Average total ammonia-N concentration ranged from 0.6-1.2 mg/L. 
Over the four year period, optimal stocking into fry and fingerling containers was 
determined as: initial stocking (3-5 days after hatching) into 1/16th inch mesh container at 
average weight of g/fry for a growth period of 006.0052.0 ± 210 ± days, after which the 
fingerlings were moved into 1/8th inch mesh containers at average weight of 12.030.0 ±  
g/fish for a growth period of 429 ± days, followed by transfer to 1/4th inch net-pens at 
average weight of  g/fish where the fingerlings remained for the remainder of 
the growing season. 
49.051.2 ±
Optimal feed application rates required to grow catfish from a 0.05 g fry to a 115 
g fingerling was observed to be (from combined observations during the 2005 and 2006 
seasons)  with %Fd = percent of catfish wet body weight to be fed 
per day (as dry feed), and AvWt = average individual fingerling wet weight. The optimum 
catfish-fry stocking rate was determined (in 2005 and 2006) to be 5,000 fry per 162 ft3 
cell.  In 2005, stocking at a rate of 10,000 fry/162 ft3 was observed to reduce fingerling 
growth by 47%. In 2006, stocking at a rate of 3,000 fry/162 ft3 was observed to reduce 
final cohort density by 26% with no increase in fingerling growth. Maximum total system 
carrying capacity of 4,695 lb/acre was observed during 2007, with fry stocked at 5,000 
5.0285% −∗= AvWtFd
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fry/162 ft3 cell, and fed at previously determined optimal feeding rate, yielding an 
average catfish fingerling size of 113.9 g/fish, with overall fry survival rate of 91%. 
Market-size catfish yields from conventional pond fingerling production 
combined with conventional pond grow-out was projected at an overall fish yield of 
3,279 lb/acre of 1.63 lb fish, as opposed to 10,137 lb/acre of fish projected from 
conventional fingerling production coupled to PAS fish grow-out, and 11,280 lb/acre of 
market-sized fish yield projected from PAS fingerling production coupled to PAS grow-
out. Additional advantages offered by PAS fingerlings grow-out include the potential to 
stage more harvests throughout the growing season due to a larger stocked fingerling, 
which would increase yearly harvest for a given carrying capacity; the elimination of the 
need to over-winter fish in the grow-out PAS; high survival rate; ease of disease 
treatment; ease of harvest; and no discharge into the environment, with the disadvantages 
including higher energy inputs and more intensive management of algal culture. 
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INTRODUCTION 
Channel Catfish Industry Profile 
The channel catfish (Ictalurus punctatus) industry is the largest aquaculture 
industry in the United States. According to an USDA aquaculture census conducted in 
2005, the channel catfish industry was valued at $462 million, with fingerlings 
accounting for approximately $25 million of that total (USDA/NASS 2005). Channel 
catfish production accounts for approximately 46% of aquaculture production in the 
United States. The Mississippi River Valley and Blackland Prairie regions, consisting of 
the states Alabama, Arkansas, Mississippi, and Louisiana, account for 94% of the 
national production. The channel catfish industry is a major component of these states 
agricultural economy and employs over 10,000 individuals (Tucker and Hargreaves 
2004).  
Historically, working with channel catfish in the United States dates back to the 
1870’s when the US Fish and Fisheries commission began stocking wild caught catfish 
from their native Mississippi River valley into water systems throughout the country. 
Controlled pond spawning was first observed in 1916, and the first indoor hatchery was 
first accomplished in 1929 (Stickney 2004)  
Commercial catfish farms weren’t introduced until the late 1950’s, and the USDA 
began actively keeping statistics on farm-raised catfish production and processing in 
1970 (Figure 1) (USDA/NASS 2005). At that time, approximately 5 million pounds per 
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year were processed, and during the 1970’s and 1980’s advances in the understanding of 
channel catfish culture including feeding, water quality, and disease prevention combined 
with a viable market led to steady growth in the industry. Through the 1990’s and early 
2000’s, catfish processing continued to increase to approximately 630-650 million 
pounds per year. The decline observed from 2003 through 2008 can be attributed to 
several factors. Most notably is the increase in feed costs over that period directly tied to 
increases in corn and soybean commodities. Also, competition from Chilean sea bass, 
which has similar taste and texture to channel catfish, cultured in China and Vietnam has 
flooded the market. Other factors include poor marketing efforts and various sources of 
protein increasing in popularity (Streitfeld 2008). 
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Figure 1. Annual channel catfish processing in the United States  
 
 
 
Conventional Fingerling Production 
In practice, fingerling production is minimally managed, and very standardized 
across the industry. According the 2005 USDA/NASS aquaculture census, 184 farms 
were dedicated to producing channel catfish fry and fingerlings. These farms sold 683 
million fry and fingerling annually for a total value of $25 million. The general process 
for catfish production, including fingerling production can be seen in Figure 2. 
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Figure 2. General channel catfish production process (Stickney 2004). 
 
The majority of egg masses are collected from broodfish ponds using the open-
pond method and hatched in an on-site hatchery. These newly hatched fish are called 
yolk-sac fry, because their yolk sacs serve as energy and nutrient sources for the first 3-5 
days. Once the fry absorbs the yolk sac, manufactured feeds are provided and the fry are 
referred to as swim up fry. This feed is a meal-type feed with up to 45-50% protein from 
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fishmeal. At this time they are fed 8-10 times daily for a total of 25% of the body 
weight/day fed.  After 3-4 days of feeding, and 2-3 weeks in age, the swim-up fry are 
stocked directly into ponds, generally one acre in size. Sometimes the fry are kept in 
spawning containers within the ponds to help with survival (Tucker and Hargreaves 
2004).  
The fish are offered a finely ground feed and the ponds are generally fertilized 
with inorganic fertilizers such as 0-34-0 or 13-38-0 for up to two weeks to stimulate 
growth of natural food sources, i.e. phytoplankton and insect larvae. This is the main 
source of feed for the fry for the first 2-4 weeks of growth because they are weak 
swimmers (Bonneau et al. 1972). After a month, the fry, now called fingerlings, will 
begin to come up to the surface to eat and are fed floating pellets to satiation, once to 
twice daily. This satiation is determined by the feeder as to how vigorously the animals 
are coming up to the surface to feed, ideally this amount is approximately 3-5% total 
body weight in the pond, however this is not monitored and the feeding amount is highly 
subjective. The feed is generally a 35% protein mixture of fishmeal and other animal 
protein sources. As the fingerlings gain in size, the amount of feed is increased, 
potentially causing a decrease in water quality due to increased nitrogen loading causing 
high ammonia levels and oxygen demand from the respiration of microorganism growing 
on the nutrients from the excess feed. Generally speaking, daily feed rates should not 
exceed 100-120 lb/acre-day in these ponds. Low oxygen episodes generally begin to 
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occur when feeding rates exceed 30-50 lbs/acre-day and supplemental aeration will be 
needed, usually from mechanical aerators. This presents an issue for fry and small 
fingerlings as they are weak swimmers and may have difficulty or expend large amounts 
of energy seeking oxygenated waters near aerators (Tucker and Hargreaves 2004). 
 This daily feeding continues for the remainder of the growing season, 
approximately 120-140 days depending on climate conditions, generally ending when 
water temperatures go below 20°C. At this point the fingerlings feed uptake is 
inconsistent and becomes greatly reduced because catfish are cold-blooded and they are 
much less active in colder waters. Off-season or winter-feeding generally consists of a 
25% protein feed at a rate of 1-2% of body weight for fingerlings, 2-3 times per week 
(Tucker and Hargreaves 2004). 
These fry/fingerlings are very vulnerable to infectious diseases and predation 
from birds such as herons and egrets, fish such as green sunfish and mosquito fish, and 
insects such as back swimmers and dragonflies. To prevent losses due to predation, 
fingerling ponds are generally drained and refilled before stocking to eliminate wild fish 
and aquatic insects. Losses vary greatly from operation to operation depending on 
conditions and management, however, an average survival from fry stocking to fingerling 
harvest of 60-70% or greater is considered very good (Tucker and Hargreaves 2004). 
The fingerlings produced vary greatly in size based on their stocking density, as 
stocking density and average fingerling size are directly correlated (Table 1). As stocking 
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density increases, the average fingerling weight after one growing season decreases. 
These values have been used in practice for approximately 20 years (Tucker and 
Hargreaves 2004). Larger fingerlings have been produced at higher stocking densities 
(Engle and Valderrama 2001), however the small experimental ponds with higher 
aeration intensity may not scale up to commercial development. 
 
 
Table 1. Fingerling size after one growing season for various stocking densities. 
Stocking Density
(fry/acre)
Average Weight
(grams/fish)
Carrying Capacity
(lb/acre)
10,000 70 925
30,000 45 1784
53,000 30 2101
73,000 20 1930
95,000 15 1883
120,000 10 1586
140,000 5 925
200,000 2 529
300,000 1 396
500,000 0.5 330  
    
 
 
The fingerling carrying capacities were based on a 60% survival rate, an average 
as mentioned previously. In practice, it is most common to find an average of 30-40 gram 
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(0.066-0.088 lb) fingerlings produced at an average of 2,242 kg/ha-yr (2,000 lb/acre-yr) 
to maximize carrying capacity and economic gain (Tucker and Hargreaves 2004). 
Environmental Regulation  
Water quality for conventional fingerling ponds is maintained by constantly 
pumping in water from an above ground water source or a groundwater source, known as 
flow through aquaculture. Effluent from fry and fingerling ponds occurs from incidental 
overflow due to rain events, partial drawdown to maintain water quality, or final 
drawdown when harvesting a pond (Tucker and Hargreaves 2004). In each case the 
effluent eventually ends up in the downstream watershed.  
An average 3.1% of carbon, 28.5% of nitrogen, and 7.0% of phosphorus added in 
feed are contained in pond effluent (Schwartz and Boyd 1994). Although this shows 
catfish ponds are relatively effective at assimilating nutrients and organic matter, they 
still can present a significantly impact on downstream water quality. This can lead to 
cultural eutrophication of the watershed and downstream environmental degradation. Fry 
and fingerling ponds are drained annually to prevent predation from invasive fish, 
therefore generating significantly more pollution. The effluent from fry and fingerling 
ponds includes organic matter causing biological oxygen demand and nutrient loading, 
specifically nitrogen and phosphorous (Table 2) (Boyd et al. 2000). Other effluent 
constituents such as bacteria, chemicals, and pesticides can also cause pollution.  
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Table 2. Mass annual discharge from fry and fingerling ponds. 
Mass discharge (kg/ha‐yr)
Total Suspended Solids 4514
BOD5 254.1
Total Nitrogen 109.3
Total Phosphourus 10.01  
 
 
 
 Increasing environmental regulation by the government is forcing aquaculture 
facilities to discharge cleaner water (EPA 2004). The EPA has designated effluent from 
aquaculture production facilities as point source pollution and therefore they must adhere 
to the guidelines in the Clean Water Act (EPA-CWA-section 402). If catfish production 
facilities produce more than 100,000 lbs annually they are required to submit a National 
Pollutant Discharge Elimination System (NPDES) permit. This NPDES permit, issued by 
the EPA, regulates the effluent constituents and enforces regular effluent water quality 
constituent testing and monitoring (EPA 2004). 
 Several technologies that are being suggested and in some cases implemented to 
meet these effluent guidelines include traditional wastewater treatment, recirculating 
systems, wetlands, crop irrigation, and sedimentation basins. Traditional wastewater 
treatment and recirculating systems use primary and secondary wastewater treatment to 
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remove organics as well as nutrients from the effluent before discharging back into the 
environment or back into the ponds. This is costly with high aeration demands and capital 
construction costs. Wetlands and sedimentation basins are usually inexpensive, but large 
in size and take away land that could be used for fish ponds. Crop irrigation with the 
effluent is effective, but the timing of plant water needs typically during the summer 
months does not match the large effluent from pond drainage in the late fall and early 
spring. Also, transportation of the water can be an obvious issue if the cropland is not 
adjacent or close nearby.    
Partitioned Aquaculture System 
The Partitioned Aquaculture System (PAS) was developed at the Clemson 
Aquaculture Facility (CAF) beginning in 1989. This system integrates features of 
recirculating and pond aquaculture systems to maximize catfish carrying capacity and 
growth rates, while at the same time operating with zero discharge, limiting 
environmental impact. The PAS is able to achieve these results by separating fish culture 
into two sections, a high-density fish culture section and a biological waste treatment 
section (Figure 3). 
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Figure 3. General confined PAS configuration (Kirk 2004). 
 
The waste byproducts generated by the catfish include nutrients and carbon 
dioxide, which along with sunlight provide the growth components for microalgae. The 
algae consume the carbon dioxide and assimilate the nutrients generated by the fish into 
biomass and respire oxygen through photosynthesis. The treated water is constantly being 
circulated back onto the fish from the algal section and the fish waste flows directly back 
into the algal section.   
This symbiotic relationship between algal and bacterial communities in which 
algae utilize the end products of bacterial metabolism, carbon dioxide and ammonia, for 
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growth and bacteria using the oxygen generated from photosynthesis by the algae has 
been studied and quantified extensively, dating back to 1960, mostly for potential use in 
wastewater treatment and energy production (Oswald and Golueke, 1960; Ward and 
King, 1976; Almasi and Pescod, 1996; Oswald, 1996; Zhao and Wang, 1996). The PAS 
exploits this symbiosis for use in the culture of catfish, with the catfish replacing bacteria 
in the system. The PAS takes advantage of lower cost of open ponds, while maximizing 
photosynthetic capacity utilizing solar energy to treat the waste. By treating the waste on-
site biologically, the carrying capacity and feed rates can be increased significantly 
without degrading the water quality. 
The PAS utilizes low-energy paddlewheels to circulate water through the system 
at an approximate speed of 1 fps to generate a laminar flow, mixed water column, similar 
to algal oxidation ditches developed for domestic wastewater treatment. These high-rate 
algal oxidation ditches are capable of producing carbon fixation rates of 10-12 g C/m2-
day (Benemann et al. 1980; Oswald 1988; Benemann 1989), compared with typical rates 
of 2-3 g C/m2-day for conventional, unmanaged ponds in aquaculture. This increase in 
algal production is generated by maximizing the exposure of the 3-foot deep water 
column to sunlight by the paddlewheel mixing to prevent stratification and is directly 
correlated to a potential increase in the rate of ammonia removal.  
In this design, the fish are confined to 5% of the system’s footprint, while the 
remaining 95% makes up the algal basin for waste treatment. This confinement makes the 
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animals much more accessible (Brune et al., 2003) and has several advantages for 
management. Feeding practices can controlled to a much higher extent because the feed 
can be applied directly onto the fish and continuous feeders can be utilized to prevent the 
faster and more vigorous fish from obtaining the majority of the feed as can occur if fish 
are fed large amounts once or twice daily. This greatly reduces variability in fish size and 
results in less wasted feed. If the fish contract a disease, the fish can be removed from the 
system and placed in a separate holding container relatively easily, thereby isolating the 
illness and reducing the amount of medication to reach a prescribed concentration. 
Predation from birds, fish, and animals can also be controlled by the addition of barriers 
around and above the fish holding cells. The harvest process is also simplified as the fish 
are already crowded and simply need graded if necessary and lifted out, eliminating the 
labor and time intensive process of seining ponds. When supplemental aeration is 
necessary, oxygen can be added to the water flow by means of mechanical aeration, 
diffusion, etc. just before it reaches the fish, reducing waste and increasing the amount of 
aeration added that is actually used by the fish (Brune et al., 2003). By controlling the 
paddle speed, variations in water flow, retention time, waste removal, and treated water 
applied to fish can all be altered slightly depending on various management situations. 
To optimize conditions for maximum, continuous algal growth, algae must also 
be removed from the system though either biological or mechanical harvest (Smith 
1985). As algae accumulate the optical density of the water column is diminished, 
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creating light limitation and reducing the growth of new algae. As the algae die and decay 
they present an oxygen demand and can release their stored ammonia back into the water 
column. If these algae can be harvested, a healthy crop of new algae will have plenty of 
sunlight and the oxygen demand and ammonia will be permanently removed from the 
system.  In this scenario, a net oxygen production and net ammonia removal is generated 
by the system, both of which are very beneficial to the aquacultural process reducing the 
cost of aeration and nitrogen assimilation (Drapcho and Brune, 2000). Nile tilapias 
(Oreochromis niloticus) have been utilized as a method of biological harvest of algae in 
the PAS. Nile tilapia were chosen because they feed extensively on microalgae (Edwards 
et al., 1981), reduce the dominance of cyanobacteria in the phytoplankton community 
(which produces an off-flavor in catfish meat compared to green algae dominated 
systems), and their potential as a marketable byproduct (Mueller, 2001). The tilapia are 
stocked into the waste treatment section of the PAS and feed on the algae and also the 
waste from the catfish.  PAS units with a co-culture of tilapia biomass approximately 
25% of catfish biomass decrease the average algal cell age from 6-8 days to 2-4 days and 
reduce the algal standing crop from 100-150 mg/L (5-10 cm Secchi disk visibility to 50 
mg/L (15-18 cm Secchi disk visibility) (Kirk et al., 2004). Although tilapia are very 
tolerant to poor water quality conditions, the negatives of co-culture with tilapia is there 
lack of tolerance to cold weather and they must be harvested or over wintered before 
water temperatures reach 20° Celsius or they will die. 
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Solids settling are also a component of the PAS and a deep basin (10’-12’) is 
located after the fish section and prior to the paddlewheels to allow for settling of solids. 
These solids can be dredged once their accumulation reaches a certain level. 
Up until 2002, the research at the CAF focused on food fish production of catfish. 
Fingerlings were bought and grown out to market size of 1.5-1.75 lbs at varying densities 
and conditions. Trials were performed with the objective of quantifying stocking rates, 
carrying capacities, growth rates, tilapia co-culture densities and water quality dynamics. 
The carrying capacities and net production achieved for each year can be seen in Figure 
4.  
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Figure 4. Production of channel catfish in the PAS from 1995-2001 (Aranguren 2004). 
 
 
These food-size catfish were produced at a maximum of carrying capacity of 
19,087 kg/ha (17,029 lb/ac). Annual net production is typically higher than carrying 
capacity due to multiple harvests during the growing season. On average 70% of stocked 
fingerlings are harvested during the first year and 30% are carried over to a second year. 
Traditional ponds average 5,500 to 7,800 kg/ha (4,000 to 5,000 lb/ac), with maximum 
production of 5,500 to 7,800 kg/ha (5,000 to 7,000 lb/ac) (Brune, 1991; USDA/NASS, 
1999). Total current grow out to market size time for a traditional catfish pond from fry 
to market size catfish is 3 growing seasons.  
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From this information, the idea to incorporate high-rate fingerling production into 
the PAS was seen as a potential way to obtain larger fingerlings at higher densities. This 
would potentially allow for fingerlings to be stocked into a grow-out PAS, which could 
produce market size (454-681 g; 1.5-1.75 lb). This would potentially reduce the fry to 
market size catfish production time from 3 seasons to 2 seasons. The question was what 
size fingerling would be needed for stocking in order to harvest these market size catfish 
in one growing season. In 2004, research was conducted to try and derive a correlation 
between fingerling stocking size and food fish harvest size. That relationship can be seen 
in Figure 5. 
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Figure 5. Food fish harvest size vs. fingerling stocking size in PAS. 
 
 
 
From this research, it was observed that an 80-gram (0.18 lb) fingerling stocked 
into the PAS food fish system could produce a 1.5-1.75 lb (454-681 g) market sized food-
fish catfish in one growing season. (Brune et. al, 2004; Aranguren et. al, 2004). 
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OBJECTIVES, EXPERIMENTAL DESIGN, AND PROCEDURES 
During the four years of experimental trials, several procedures were performed 
for each of the four growing seasons. The first two experimental trials, during 2005 and 
2006, were conducted by graduate student Kevin Renwick. The data for these years was 
not published, but was obtained from field data and a presentation (Renwick et al. 2007). 
The last two experimental trials, during 2007 and 2008, were conducted by Tim Wells. 
All four of these trials are included in this thesis. 
Research Objectives 
The objective of this 4-year research project was to design a fingerling production 
system utilizing the 2-acre PAS to produce 80-100 gram fingerlings. 
Secondary objectives include: 
• Determine body weight to feed relationship 
• Determine optimal stocking density 
• Maximize carrying capacity 
• Optimize flow distribution 
From this a final, 2-year system design layout could be created to maximize 
growing fry to market-size food fish in the PAS system at densities of 15,000-20,000 
lb/acre. 
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Experimental Matrix 
The experimental matrix is intended to be a “roadmap” for the body of the thesis. 
Each of the experimental trials during the 4-year project is separated and organized by the 
growing season. Each table provides information including the main objectives, the 
overall procedures, the physical layout, and the fish movement for the given growing 
season. This is meant to be a means for the reader to easily separate and interpret the data 
from all four years without becoming confused. 
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Year 1 – Feed/Stocking 1 (2005) 
 
Objectives:  
• Develop feed to body weight relationship 
• Compare growth for different stocking rate  
Procedures: 
• Stock at 2 different stocking rates: 5,000 fish/cohort and 10,000 fish/cohort 
• Compare growth and cohort density for two stocking rates 
• Feed initial rate of 30% body weight 
• Sample 2-3 times weekly 
• Determine FCR for every sample 
o If FCR <3, maintain feeding rate 
o If FCR >3, decrease feeding rate 
Layout: 
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Cell 1 
 
5,000 
Fry 
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5,000
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10,000
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10,000
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FLOW
 
Container: 1/6th inch mesh bin 1/8th inch mesh bin 1/4th inch net-pen 
Stocking Date: June 1, 2005 June 13, 2005 July 11, 2005 
Size at Stocking: 0.054 grams/fish 0.28 grams/fish 1.82 grams/fish 
Days in Container: 13 Days 27 Days 98 Days 
Movement: 
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Year 2 – Feed/Stocking 2 (2006)  
 
Objectives:  
• Evaluate and finalize feed to body weight relationship 
• Evaluate effects of lower stocking rates 
Procedures: 
• Stock 9 cells at low density: 3,000 fish/cohort 
• Feed 3 cells at base rate determined in 2005 (T1) 
• Feed 3 cells at base rate + 25% (T2) 
• Feed 3 cells at base rate + 50% (T3) 
• Sample 2-3 times weekly and compare growth rates 
Layout: 
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Container: 1/6th inch mesh bin 1/8th inch mesh bin 1/4th inch net-pen 
Stocking Date: June 1, 2006 June 9, 2006 July 11, 2006 
Size at Stocking: 0.043 grams/fish 0.17 grams/fish 2.8 grams/fish 
Days in Container: 9 Days  28 Days 111 Days 
Movement: 
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Year 3 – Carrying Capacity (2007)  
 
Objectives:  
• Maximize system carrying capacity 
• Determine effect of free ammonia on fingerling growth 
 
Procedures: 
• Stock 9 cohorts at 5,000 fish/cohorts 
• Develop NH3 gradient by suppressing pH through 25 lb/day CO2 diffusion in the flow 
path prior to cell 4. This began on July 13 when fingerlings were stocked into 1/4th 
inch net-pen 
• Sample 1-2 times weekly 
 
Layout: 
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Container: 1/6th inch bin 1/8th inch bin 1/4th inch pen 
Stocking Date: June 9, 2007 June 18, 2007 July 13, 2007 
Size at Stocking: 0.056 g/fish 0.32 g/fish 2.91 g/fish 
Days in Container: 9 Days 27 Days 109 Days 
Movement: 
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Year 4 – Flow Distribution (2008)  
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Objectives:  
Implement a passive flow system using no mechanical pumps, only the flow generated 
by the paddlewheels 
 
Procedures: 
• Stock 3 cohorts at 5,000 fish/cohorts 
• Create circular flow pattern within 1/16th inch and 1/8th inch containers  
• Quantify flow rates through each cell 
• Sample 2-3 times weekly and compare growth with previous years 
Layout:  
 
 
 
Container: 1/6th inch mesh bin 1/8th inch mesh bin 1/4th inch net-pen 
Stocking Date: June 2, 2008 June 13, 2008 July 8, 2008 
Size at Stocking: 0.053 grams/fish 0.45 grams/fish 2.52 grams/fish 
Days in Container: 11 Days  25 Days 28 Days 
Movement: 
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Operational Procedures 
Operational procedures necessary included catfish hatching, stocking, harvest, 
and catfish feeding. The fry were typically stocked during the first week of June and 
harvested during October, for an average growing season of 140 - 160 days. Each of the 
catfish experiments were treated the same in terms of hatchery, stocking, harvest and feed 
application procedures. 
Catfish Hatchery 
The egg masses were obtained from brooding ponds at the Clemson Aquaculture 
Facility (CAF) typically during the last week of May. These egg masses were then 
weighed and moved into the CAF hatchery. The egg masses were kept at 27 ºC (80 ºF) 
and paddles were used to keep the water moving slowly at all times (Figure 6). These 
conditions simulated a very similar environment that the egg masses would be exposed to 
in the natural ecosystem.  
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Figure 6. Catfish hatchery tank with egg mass. 
 
 
 
To maintain ideal water quality parameters, fresh water was constantly pumped in 
at 1 gpm and accordingly drained at the same flow rate. After 3 – 7 days, the fry hatched, 
the paddles were turned off to protect the fry, and they were provided a high protein mash 
feed. Approximately 3-5 days after hatching the fry were coming up to the surface to 
consume the feed. At this point, the fry were sampled and moved directly into the PAS 2-
acre fingerling production system.  
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Catfish Stocking, Movement, and Harvest 
After sampling, the catfish fry were placed into 5 gallon buckets at the density 
they would be stocked into the production system. The buckets were filled with water 
directly from the hatchery troughs and transported by trailer to the production system. 
Water from the production system was then slowly scooped into the 5-gallon buckets 
until all of the hatchery water had been replaced. This is an important step to prevent 
temperature shock to the sensitive fry (Allen and Strawn, 1971). The fry were then 
carefully released into the 47-gallon (3.3 ft3) 1/16th inch mesh bin container (Figure 7) 
made with a Rubbermaid plastic bin and Delstar Naltex mesh. During the four growing 
season fry were stocked into 1/16th inch mesh containers at an average of 
g/fry. The fry remained in these containers for 006.0052.0 ± 210 ± days.  
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Figure 7. 1/16th inch mesh bin 
 
 
 
The fingerlings remained in these bins until the smallest fry were large enough to 
be moved into 62-gallon (4.4 ft3) 1/8th inch mesh bin containers (Figure 8) made with a 
Rubbermaid plastic bin and Delstar Naltex mesh. This took a range of 9-13 days for the 
four growing seasons and averaged 0.30 g/fry at the time of movement. The fry were 
moved into these 1/8th inch mesh containers at an average weight of  g/fry. 
The fry remained in these containers for 
12.030.0 ±
429 ± days.  
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Figure 8. 1/8th inch mesh bin. 
 
 
 
The final movement was from these 1/8th inch mesh bins into 1,212-gallon (162 
ft3) 1/4th inch net-pens (Figure 9) purchased from Memphis Net & Twine Co. This took a 
range of 25-32 days for the four growing seasons and averaged 2.51 g/fry at the time of 
movement. The catfish, at this point called fingerlings, remained in these net-pens for the 
remainder of the growing season until they were harvested. The fingerlings were moved 
into 1/4th inch net-pens at average weight of 49.051.2 ± g/fish. While the catfish were in 
the containers and the net-pen they were covered with a plastic, PVC-frame cover that 
shaded the catfish and protected them from bird predation.  
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Figure 9. 1/4th inch net-pen. 
 
 
 
The catfish fingerlings were harvested at the end of the growing season, dictated 
by water temperatures, as the morning water temperature approached 22 °C. At this point 
the fingerlings metabolism begins to slow down and food consumption decreases to 
approximately 50% normal consumption (Buentello et al. 2000). The catfish were 
harvested by crowding them within the cells, catching them with fingerling dip nets, and 
weighing them in baskets. Three samples were taken per cell to obtain average weights. 
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The fingerlings were then put immediately back into holding nets in the system. At this 
point the fingerlings were sold.  
Catfish Feeding 
The catfish were fed with a 12-hr belt feeder (Figure 10), loaded twice daily at 8 
am and 4:30 pm. The catfish were fed high quality commercial grade Zeiglar feed (Table 
3). The fry were initially fed a slow-sinking meal feed, and the sizes were increased as 
appropriate with fish growth. The fingerlings were ultimately switched over to floating 
3.0 mm feed at an average weight of 2.5 – 3.0 g/fish. 
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Figure 10. 12-hr continuous belt feeder. 
 
 
 
Table 3. Feed pellet sizes, protein content, and fat content. 
Feed Size Protein Content Fat Content
0.42 - 0.595 mm (Meal) 55% 15%
0.595 - 0.84 mm (#1 Crumbles) 55% 15%
0.841 - 1.19 mm (#2 Crumbles) 55% 15%
1.5 mm (1/16”) 55% 15%
2.0 mm (5/64”) 55% 15%
3.0 mm (1/8th") 40% 10%  
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Water Delivery 
During the feeding rate, stocking density, and carrying capacity experiments; 
2005-2007; water was delivered onto the fish cohorts with an airlift system and a 0.75 hp 
axial flow pump in each cell. The airlift system was powered by a 3hp blower and 
delivered by three 2-inch PVC pipes per cell at an average rate of 40 GPM. This airlift 
system operated alone during the first 5-6 weeks of the growing season. At this point 
additional flow was necessary to maintain water quality within the fish cohorts and the 
0.75 hp axial flow pump was turned on in each cell. These pumps delivered flow through 
8-inch PVC pipe at a rate of approximately 330 GPM. Both the airlift system and the 
axial flow pumps operated during the remainder of the growing season (Figure 11). 
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Figure 11. Water flow system within the PAS fingerling production system 
 
 
 
During the flow distribution experiment in 2008, no pumps were utilized. Three 
flow-through cells were constructed and the flow generated by the paddlewheels in the 
system delivered the flow through the fish cohorts and into the algal basin (Figure 12). 
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Figure 12. Flow-through cells installed for flow distribution experiment. 
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DATA COLLECTION
For the sake of consistency, all water quality analyses were performed in situ or 
from water samples taken from the flow path. Any meters were positioned just below the 
water surface, at a depth ranging from 4-6 inches. Any water samples were collected 
from just below the water surface. 
For the 2005 and 2006 growing seasons, dissolved oxygen concentration (DO), 
temperature, pH, and Secchi disk were each measured daily at 8 am. Total ammonia-
nitrogen (TAN) concentrations were measured once weekly. Alkalinity and flow rates 
were measured monthly. 
For the 2007 and 2008 growing season, (DO), temperature, pH, TAN, nitrite, and 
Secchi disk depth was each measured daily at 8 am. Temperature, DO, and pH were also 
measured daily at 4:30 pm daily. Flow rates were measured weekly and alkalinity was 
monitored on a monthly basis. 
The catfish were sampled regularly, ranging from 1 – 3 times per week during the 
experimental trials. 
Meter-facilitated Measurements 
Temperature 
The temperature readings were taken using an YSI model Y550A oxygen meter. 
The meter has a range of -5 to 45 oC, a resolution of 0.1 oC, and an accuracy of +/- 0.4 oC. 
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DO 
 The DO was measured using an YSI model Y550A oxygen meter. The range of 
the meter is from 0 to 50 mg/L with a resolution of 0.01 mg/L and an accuracy of +/- 0.3 
mg/L.  
pH 
 The pH was measured using a American Marine Inc. model Pinpoint pH meter. 
The meter has a range is from 1 to 14 with a resolution of 0.01. 
Flow Rates 
 During the flow distribution experiment in 2008, the water velocity into the flow-
through cohorts was measured with a Marsch-Mcbirney Inc. Flo-Mate model 2000 
portable electromagnetic flowmeter. The meter has a range of -0.5 to +20 ft/s (-0.15 to 6 
m/s) and an accuracy of ±2% of the reading. To obtain an average flow velocity (m/s) 
over a given surface area, the area was broken up into a four equal quadrants, creating a 
grid (Figure 13). The grid represents the inlet into a given container or cohort. The 
flowmeter was held perpendicular to the flow path until it gave a constant reading in the 
center of each quadrant, marked by the X. Three replications were done for each 
quadrant, and the average velocity was determined. 
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 1 ft 4 ft 
4 ft2 1 ft 
    A   B  
Figure 13. Diagram of grid used to obtain average flow velocities for 1/16th and 1/8th inch 
mesh bins (A) and 1/4th inch net-pen (B). Velocity readings were taken at the center of 
each quadrant (X) 
 
 
 
Laboratory and Field Measurements 
Laboratory and field procedures were used to obtain the data collected for TAN, 
nitrite, alkalinity, Secchi depth, flow rates, and catfish size samples. 
TAN 
The TAN was measured by adding 3 drops of Nessler reagent to 5 mL samples 
with a Hach water analysis test kit, Model FF-1A (HACH Inc., CO, USA). The 
concentration was determined using a color wheel. 
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Nitrite 
The nitrite concentration was determined by adding 1 NitriVer 6 pillow pack to 5 
mL samples with a Hach water quality analysis test kit, Model FF-1A (HACH Inc., CO,  
USA). The concentrations were determined using a color wheel. 
Alkalinity 
The alkalinity was measured monthly on 100 mL samples by using a titration 
method for a Hach water analysis test kit, Model FF-1A (HACH Inc., CO, USA), with 
0.030 N sulfuric acid and a bromcresol green methyl-red pillow pack. 
Secchi Depth 
The Secchi depth was measured using a standard black and white alternating 
quadrant Secchi disk, 20 cm in diameter.  
Flow Rates 
During the feeding rate, stocking density, and carrying capacity experiments, 
from 2005-2007, the flow through the system was provided by pumps. To obtain the flow 
rates generated by these pumps the time required to fill a 5-gallon bucket was recorded. 
Three replications were performed for each cohort and the average time was obtained.  
Catfish Size Samples 
Catfish size was measured on a regular basis as described for each growing 
season. Samples of 20 – 30 catfish were obtained using a dip net within the fish cohorts. 
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These samples were drained and weighed, and then the catfish were counted back into the 
cell. The weight measured was divided by the number of fish to obtain an average fish 
weight. This was replicated three times for each cell and the average weights for each cell 
were obtained. 
 
 
 
 
 
 
 
 
 
 
 
 
RESULTS AND DISCUSSION 
Data Analysis and Manipulation 
The raw data for feeding, water quality, and catfish samples was manipulated in 
order to present it in a more useful form. 
 To better analyze the water quality data and evaluate the effectiveness of the flow 
rates within the systems, a change or difference between the concentrations within the 
fish cohorts and out in the system was calculated, and referred to as a delta value. The 
delta DO, delta TAN and subsequently delta un-ionized ammonia, delta pH, and delta 
nitrites were calculated during the experimental trials. This delta value was calculated 
simply by the equation: 
)( CHTSYS PPabsDelta −= , (1) 
 
where Delta  is the difference in concentration for a given parameter for a given cell, PSYS 
is the concentration in the system at large, and PCHT is the concentration within a given 
fish cohort. The absolute value is taken because for some parameters such as DO, the fish 
cohorts will have a lower concentration than in the system and for others such as TAN, 
the fish cohorts will have a higher concentration than in the system. 
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7-Day Water Quality Averages 
The 7-day averages were calculated for each of the water quality measurements, 
morning and afternoon temperature, DO, TAN, and un-ionized ammonia concentration 
for ease of observation and identification of trends within the data. 
Unionized Ammonia Concentration 
Unionized ammonia is a fraction of the TAN that depends on the environmental 
factors influencing the ammonia equilibrium and was calculated using the equation: 
[ ] [ ]
pH
273.15T
2729.920.0918
3
10
TANN-NH
−++
=
, 
(2) 
where [NH3-N] represents the un-ionized ammonia concentration (mg-N/L), [TAN] 
represents the total ammonia nitrogen concentration (mg-N/L), and T represents the 
temperature in °C. (Kirk 2004).  
Flow 
During the feeding rate, stocking density, and carrying capacity experiments, 
from 2005-2007, the flow through the system was produced by pumping water. As 
described in the procedures, the time required to fill a 5-gallon bucket using the flow 
from these pumps was recorded. The flow rate within each cohort was calculated by the 
equation: 
560*1 ÷=
t
Q , (3) 
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where Q represents the flow rate (gpm), t represents the average time (seconds) required 
to fill a 5 gallon bucket for the given cohort, the factor of 60 converts from seconds to 
minutes, and the factor of 5 converts from 5 gallons to 1 gallon.  
During the flow distribution experiment in 2008, no pumps were used in the 
system and the flow velocity was generated by the paddlewheels. The average flow 
velocity into each cohort or container was determined using the method described in the 
procedures. This velocity was converted into a flow rate (gpm) by the equation:  
48.7*60** SAvQ = , (4) 
where Q represents the flow rate (gpm), v represents the average velocity obtained from 
the flowmeter (ft/s), the factor of 60 converts seconds into minutes, and the factor of 7.48 
converts ft3 into gallons. 
Feed Conversion Ratio  
The feed conversion ratio (FCR) is a measure of the amount of applied feed that is 
converted into fish biomass. The FCR was measured after each sample to determine the 
rate at which fish were converting the feed from the previous feeding session. The FCR is 
determined by the equation: 
(5) ))(*()*( MSRAvWttFdApFCR −÷Δ= , 
 
where the FCR  is the FCR (mass fed/catfish biomass gained) for a given cell, FdAp  
represents the daily feed applied for a given cell (g/day), Δt represents the time since the 
last sample in days, AvWl represents the average weight per fish (g/fish) corresponding to 
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a given cell, SR represents the stocking rate (fish/cohort) and M represents the number of 
mortalities observed, both for a given cell. 
Catfish Biomass 
The total catfish biomass (kg) in the system was used to determine feed 
application. The feed is calculated as a percentage of the total catfish biomass. The 
biomass was determined after each catfish sample by the equation: 
(6) 1000)(* ÷−= MSRAvWtFCR , 
 
where the Bm is the catfish biomass (kg) for a given cell, AvWt represents the average 
weight per fish (g/fish) corresponding to a given cell, SR represents the stocking rate 
(fish/cohort) and M represents the number of mortalities observed, both for a given cell. 
The factor 1,000 converts from grams into kilograms. 
Feeding Rate 
During the first two years of the catfish fingerling experiment, 2005 and 2006, a 
relationship was developed for the percent of biomass fed daily to the catfish. This 
relationship was determined by adjusting the feed rate based on the FCR. The FCR was 
determined for each sampling period, and if it was equal to or less than 3, the percentage 
body weight feeding rate was maintained; if it was greater than 3, the percentage body 
weight fed was decreased. The initial feeding rate of 30% was chosen as a maximum 
point from which to work down. 
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The actual amount of feed to apply (kg/day) to a given cell was determined after 
each sample and is calculated by the equation: 
BmFdFd *
100
%= , (7) 
where Fd is the amount of feed per day (kg/day) applied to a given cell, %Fd is the 
percentage of the catfish biomass applied in feed per day for a given cell, and Bm is the 
biomass determined to be in a given cell. 
Feed loading 
The total feed loading on the system (lb/acre-day) was determined to evaluate the 
amount of nutrient loading on the system and compare that to the response in water 
quality parameters. This value was calculated daily after each feeding by the equation: 
2...)
2.2
( ÷+= cellFdFdL , (8) 
 
where FdL is the total feed loading on the system in a per acre basis (lb/acre-day) and 
Fdcell is the feed applied per cell (kg/day). The factor 2.2 converts kilograms to pounds 
and the factor 2 converts to a per acre basis since a 2-acre PAS is used. The value for 
each cell used in the given experiment is included in the equation. 
Cohort Density 
The cohort density (lb/ft3) was estimated after each catfish sample. After the 
sample the average weight (g/fish) was known. The number of fish in each cell was 
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estimated by the initial stocking rate minus any mortality observed. Therefore the cohort 
density for each cell could be determined by the equation: 
VMSRAvWtD ÷−= )(*
454
, (9) 
 
where D is the density for a given cell (lb/ft3), AvWt represents the average weight per 
fish (g/fish) corresponding to a given, SR represents the stocking rate (fish/cohort), M 
represents the number of mortalities observed, and V represents the volume of the 
container (ft3) the fish are in at the time of sampling. The AvWt is adjusting from grams to 
lbs by the factor 454 grams per pound.  
   
Catfish Carrying Capacity 
The system carrying capacity (lb/acre) was estimated after each catfish sample. 
After the sample the average weight (g/fish) was known. The number of fish in each cell 
was estimated by the initial stocking rate minus any mortality observed. Therefore the 
carrying capacity of the system could be determined by the equation: 
...)(*
454
)(*
454
*2 2211 +−+−= MSRAvWtMSRAvWtC , (10) 
 
where C is the carrying capacity of the system (lb/acre), AvWt1 represents the 
average weight per fish (g/fish) corresponding to cell 1, SR represents the stocking rate 
(fish/cohort) and M represents the number of mortalities observed. This equation is 
carried out for the number of cells used in the experiment. The AvWt is adjusting from 
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grams to lbs by the factor 454 g/lb. The entire right side of the equation is divided by 2 to 
give the final carrying capacity in a per acre form since a 2-acre PAS is used.  
Data Discussion 
Water Quality  
To better analyze the water quality data and evaluate the effectiveness of the flow 
rates within the systems, a delta between the concentrations within the fish cohorts and in 
the system was calculated, as described previously in the Data Analysis and Manipulation 
section. This delta was determined for DO, TAN and subsequently un-ionized ammonia, 
pH, and nitrites.  
This delta allowed for analysis on the water quality parameters such as oxygen 
uptake and ammonia production by the fish at a given flow rate. The fish consume 
oxygen during respiration and produce ammonia as a waste product of metabolism. If the 
delta is zero for a given water quality parameter, then the flow rate is moving water from 
the system into the fish cohorts at a rate adequate to prevent any water quality 
degradation. In this situation, any water quality parameter deemed inadequate, is an 
indicator that the system is not assimilating the nutrients from the waste and/or 
oxygenating the water during aeration sufficiently. The delta is a critical parameter in 
diagnosing problems within system and evaluating the effectiveness of a given flow rate. 
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DO 
Critical DO levels for fingerling survival are in the range of 1.5 mg/L (Scott and 
Rogers, 1980) and fingerling have been shown to survive spikes of 0.9 – 1.1 mg/L for 
short time periods (Moss and Scott 1961). Feed consumption is reduced at approximately 
3 mg/L DO and below (Andrews et al. 1973; Carter and Allen 1976) or at 70% saturation 
(Buentello et al. 2000).  
Temperature 
Channel catfish can survive over a temperature range from 0 – 40°C and will feed 
over a temperature range of 8 – 36°C (Tucker and Hargreaves, 2004). Both metabolic 
activity of channel catfish and the oxygen consumption rate increase with increasing 
temperatures (Hill and Wyse 1989; Andrews and Matsuda 1975). The ideal temperatures 
for growth are 27 – 32 °C, with growth decreasing at water temperature both above and 
below this range (West 1966; Kilambi et al. 1970; Stickney and Andrews 1971; Andrews 
et al. 1972; Andrews and Stickney 1972).  
pH 
The pH tolerance levels for channel catfish are not well defined, but the range for 
growth in warmwater fish, such as channel catfish, is 6.5 – 9.0 (Tucker and Hargreaves, 
2004). Direct toxicity due to pH is not generally encountered, however pH values have a 
great impact on various other water quality parameters, most notably the TAN 
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equilibrium balance between harmless ionized ammonia (NH4+-N) and potentially lethal 
un-ionized ammonia (NH3-N).  
TAN 
Ammonia is produced by channel catfish during protein catabolism and is their 
primary nitrogenous waste product. TAN is a measure of ammonia in both the harmless, 
ionized (NH4+-N) and potentially lethal un-ionized (NH3-N) form (Tucker and 
Hargreaves, 2004). The lethal amount of un-ionized ammonia (LC50) increases with 
temperature. At 22°C the LC50 is 2.4 mg/L NH3-N, at 26°C the LC50 is 2.9 mg/L NH3-
N, and at 30°C the LC50 is 3.8 mg/L NH3-N for 96-hour exposure (Colt and 
Tchobanoglous, 1976).  
Due to environmental factors such as algal photosynthesis and respiration, fish 
respiration, and temperature changes, diurnal fluctuations of un-ionized ammonia is 
observed in production systems. Un-ionized ammonia levels peak in the afternoon, when 
air and water temperatures are high and consumption of CO2 during photosynthesis 
results in an increase in pH. In a static, controlled environment channel catfish growth 
was decreased by 50% when exposed to a constant ammonia concentration of 0.53 mg/L 
NH3-N (Colt and Tchobanoglous 1978), but brief (2 – 3 hr) daily exposure of 0.92 mg/L 
NH3-N did not impact growth (Hargreaves and Kucuk 2001).  
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Flow Rates 
The data collected for flow rates during the experiments were critical to analyzing 
the operation of the PAS. These flow rates are responsible for removing the fish waste 
from the cohorts and replacing it aerated water treated by the algae from the algal basin. 
As the season progressed the catfish grew and produced more nutrient-laden waste and 
consumed more oxygen, therefore requiring more flow to sufficiently remove the waste 
and provide additional oxygen. Excessive flow could be wasted expense and too little 
flow could lead to ammonia accumulation or oxygen depletion within the fish cohorts. 
Quantifying and recreating these flow rate conditions is imperative for the success of this 
system. 
Alkalinity 
Alkalinity is a measurement of the capacity of solution to neutralize acids. This 
plays a role in controlling the pH level of a solution. An alkalinity between 60 – 120 
mg/L CaCO3 is desirable for catfish production. Sodium bicarbonate was added to the 
PAS as needed increase alkalinity levels. 
Nitrite 
Nitrite (NO2--N) is an intermediate product of nitrification and denitrification 
processes. Under equilibrium conditions, nitrite should not accumulate significantly. 
Nitrite is toxic to channel catfish at relatively low concentrations. The LC50 
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concentration range was 11.5 mg/L NO2-N at 22°C and 11.7 mg/L NO2-N at 30°C (Colt 
and Tchobanoglous 1976). 
Secchi Depth 
The Secchi depth provides an analysis of total suspended solids and comparisons 
can be made to crudely evaluate the algal density. Drastic changes in Secchi depth can 
indicate changes in the algal concentration within the system. 
Year 1 - Feed/Density 1 
(2005) 
The primary objectives during the 2005 growing season were to: 
1. Develop a body weight to feed relationship to idealize the feed conversion 
ratio (FCR) and maximize the system efficiency.  
2. Determine the optimal stocking rate for fingerling production. 
The initial feeding rate was set at 30% body weight when the fry were stocked 3-5 
days after hatching, on June 1, 2005. Three cohorts; 1, 2, and 3; were stocked with 5,000 
fry each and three cohorts; 3, 4, and 5; were stocked with 10,000 fry each for comparison 
(Figure 14). 
The fish were sampled three times per week for the first month of the experiment 
while the fry were small and the FCR was changing rapidly and once a week for the 
remainder of the growing season. The FCR was determined for each sampling period, 
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and if it was equal to or less than 3, the percentage body weight feeding rate was 
maintained; if it was greater than 3, the percentage body weight fed was decreased. 
The fish were grown out in troughs for the first 3 weeks for monitoring and then 
stocked into the 2-acre PAS cohorts on June 23, 2005. Growth was monitored for the first 
three weeks, but all water quality and feed data presented begins on June 23, 2005. 
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Figure 14. Design configuration for experiment feed/density 1 (2005). 
  
 
 
Temperature 
The 7-day average temperatures (Figure 15) are displayed for the system. The 
temperature was measured every morning between 8:00 and 8:30 AM. From June 23 
through the end of August, the temperatures fluctuated between 28°C and 30°C. The 
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highest temperatures were during the end of July and beginning of August. In the 
beginning of September the temperatures began to decrease to less than 25°C during the 
last two weeks of the growing season in October. The morning water temperatures 
fluctuated with changes in air temperature. The temperature ranged from 22.3°C to 
31.8°C over the entire duration of the season with an average of 27.1 °C. 
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Figure 15. 7-Day average morning temperature. 
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Dissolved Oxygen Concentration 
The DO concentration was measured daily, between 8:00 and 8:30 am, both out in 
the system and within the fish cohorts. For supplemental aeration, 0.75 hp fountain 
aerators were installed. An airlift system powered by a 3 hp blower was also utilized to 
create flow and aeration within the cells. Axial pumps powered by 0.75 hp motors were 
turned on during the growing season as the oxygen demand increased to provide 
additional flow rate as well as additional aeration. 
The 7-day average DO concentrations were calculated from the daily readings and 
plotted in Figure 16 for the 5,000 fish cohorts and in Figure 17 for the 10,000 fish 
cohorts. The 7-day average delta DO was also calculated and averaged for the 5,000 fish 
cohorts and 10,000 fish cohorts respectively (Figure 18).  
In the 5,000 fish cohorts, the DO concentrations generally decreased as the 
growing season progressed, due to increased fish respiration. The delta DO from system 
to cohorts at the beginning of the season was 0.5 mg/L and increased to 1.3 mg/L at the 
end of the growing season for the 7-day averages, again due to increased fish respiration. 
The daily average morning DO within the fish cohorts was 4.49 mg/L, with a minimum 
of 1.67 mg/L and a maximum of 8.13 mg/L, and an average delta of 0.85 mg/L.  
For the 10,000 fish cohorts, the 7-day average DO concentrations dropped below 
3.0 mg/L for 2 weeks in July and the delta DO from system to cohorts had a maximum 7-
day average of 2.3 mg/L in July. At this point the flow was not able to accommodate for 
the fish respiration and the flow was increased by activating 2 – 0.75 hp axial flow pumps 
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in each 10,000 fish cohort. This increased flow decreased the delta DO to 0.1 – 0.4 mg/L 
in August and 0.5-1.0 through the remainder of the 2005 growing season. However, this 
increased flow and high velocity caused turbulent flow conditions, making feeding 
difficult. The daily average morning DO within the fish cohorts was 3.99 mg/L, with a 
minimum of 1.11 mg/L and a maximum of 7.96 mg/L, and an average delta of 0.78 
mg/L. 
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Figure 16. 7-day average DO concentrations for 5,000 fish cohorts. 
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Figure 17. 7-day average DO concentrations for 10,000 fish cohorts. 
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Figure 18. 7-day average delta DO concentrations for 5,000 and 10,000 fish cohorts. 
  
Total Ammonia-N Concentration 
TAN concentrations were measured on a weekly basis, both out in the system and 
within the fish cohorts (Figure 19 - Figure 20). From this the delta TAN was calculated 
and is shown for both the 5,000 fish cohorts and 10,000 fish cohorts in Figure 21.  
For the 5,000 fish cohorts, the TAN concentrations ranged between 0.8 mg/L and 
1.2 mg/L from June through August, peaking at 1.4 mg/L towards the end of September 
when the feed loading was the greatest. The general upward trend of the TAN observed is 
explained by increased feed loading and fish metabolism as the growing season went on. 
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The delta TAN remained relatively constant throughout the growing season, at 0.1 – 0.7 
mg/L.  
For the 10,000 fish cohorts, the TAN concentrations also ranged between 0.8 
mg/L and 1.2 mg/L for June through August, with a peak of 1.4 mg/L at the end of 
September. Again, the general upward trend of the TAN observed is explained by 
increased feed loading and fish metabolism as the growing season progressed. The delta 
TAN followed a similar trend to the 5,000 fish cohorts, ranging from 0.1 – 0.7 mg/L 
during the growing season.  
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Figure 19. TAN concentrations for the 5,000 fish cohorts. 
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Figure 20. TAN concentration for the 10,000 fish cohorts.  
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Figure 21. Delta TAN concentrations for the 5,000 fish cohorts and 10,000 fish cohorts. 
  
 
 
Feeding Rate 
The daily feed rates (Figure 22 and Figure 23) show the average amount of feed 
applied to each cell for the 5,000 fish and 10,000 fish cohorts, respectively. The values 
are shown after each feeding rate was calculated for every sample. The feed rates 
increased from sample to sample during the entire growing season for the 5,000 fish 
cohorts with the exception of one sample at the end of June when the FCR dictated a 
decrease in feeding rate. A maximum average of 15.4 kg/day-cohort (33.9 lb/day-cohort) 
was applied to the 5,000 fish cohorts.  
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For the 10,000 fish cohorts, the feed increased until September 7, 2005, with the 
exception of one sample at the end of June and one sample at the end of July. From 
September 5th through the sample on September 24th the FCR increased above 3 and the 
feed rates were accordingly decreased. The feed rates were increased for the last week of 
the growing season, but never exceeded the maximum feeding rate of 14.8 kg/day-cohort 
(32.5 lb/day-cohort) for the week of September 1st.  
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Figure 22. Average feeding rate per day per cell for the 5,000 fish cohorts. 
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Figure 23. Average feeding rate per day per cell for the 10,000 fish cohorts. 
  
 
 
Feed Loading 
The total feed loading on the system was also determined for all 6 cohorts 
combined (Figure 24). A peak 7-day average feed loading of 95 kg/ha-day (85 lb/acre-
day) was observed during the second week of September. This gives insight into the total 
nutrient loading on the system from the feed. 
 
 
 
 
 
 
65 
 
 
 
 
 
 
 
 
0
10
20
30
40
50
60
70
80
90
6/17 7/7 7/27 8/16 9/5 9/25 10/15
Date
Fe
ed
 (l
b/
ac
re
-d
ay
)
 
Figure 24. 7-day average feed loading combined for all fish cohorts. 
  
 
 
Growth 
The growth was monitored for the entire growing season for both the 5,000 fish 
and 10,000 fish cohorts (Figure 25 and Figure 26). The data is presented as the average 
fish weight for the 5,000 fish cohorts and 10,000 fish cohorts after each sample. For the 
5,000 fish cohorts, the average fingerling weight increased during the growing season to 
a final average weight of 128.2 g/fish (0.29 lb/fish). For the 10,000 fish cohorts, the 
fingerling size increased until about September 8, 2005, when the growth rates began to 
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diminish. The final average weight for the fingerlings in the 10,000 fish cohorts was 67.6 
g/fish (0.15 lb/fish).  
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Figure 25. Seasonal growth curve for 5,000 fish cohorts.  
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Figure 26. Seasonal growth curve for 10,000 fish cohorts. 
 
 
 
Cohort Density 
The average cohort density was calculated after each sample throughout the 
growing season for the 5,000 fish and 10,000 fish cohorts, respectively (Figure 27 and 
Figure 28). For the 5,000 fish cohorts, the maximum density obtained in the 1/16th inch 
bins was 7.21 kg/m3 (0.45 lb/ft3), for the 1/8th inch bins it was 198.1 kg/m3 (12.37 lb/ft3), 
and for the 1/4th inch net-pens a final density of 125.0 kg/m3 (7.8 lb/ft3) was observed.  
For the 10,000 fish cohorts, the maximum density obtained in the 1/16th inch bins was 
0.89 lb/ft3 (14.42 kg/m3), for the 1/8th inch bins it was 18.83 lb/ft3 (301.6 kg/m3), and for 
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the 1/4th inch net-pens it was 6.7 lb/ft3 (107.3 kg/m3). For all six cohorts the average 
density was 390.005.8 ftlb± . This data agrees with prior stocking density experiments 
conducted with food-size catfish, which concluded that stocking densities of 8 to 
10 3ftlb could be sustained with no adverse effect on growth (Brune, et al., 1999). 
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Figure 27. Cohort fish density for 5,000 fish cohorts with container changes indicated. 
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Figure 28. Cohort fish density for 10,000 fish cohorts with container changes indicated. 
  
 
 
Carrying Capacity 
The carrying capacity was determined as the fish biomass measured per acre for 
the entire season (Figure 29). The total fish biomass in the system was calculated after 
each sample during the growing season. The total final carrying capacity for 2005 was 
3,912 kg/ha (3,490 lb/acre).  
 
 
 
 
 
70 
 
 
 
 
 
 
 
 
0
500
1000
1500
2000
2500
3000
3500
4000
18-May 7-Jun 27-Jun 17-Jul 6-Aug 26-Aug 15-Sep 5-Oct 25-Oct
Date
C
ar
ry
in
g 
C
ap
ac
ity
 (l
b/
ac
re
)
 
Figure 29. System carrying capacity. 
 
 
 
Body Weight to Feed Relationship 
To determine the body weight to feed relationship the fish weights were plotted 
against the % body weight fed at that given weight (Figure 30). These data were pooled 
for ease of analysis and then a power regression curve was fitted to the data. This 
provided the following equation: 
511.02855.0 −∗= xy , (11) 
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This equation yields the fraction fed (y) for a given average fish weight (x). 
Adjusting and simplifying this equation to yield a percent fed and with the proper 
variables gives: 
5.0285% −∗= cellcell AvWtFd , (12) 
where %Fd represents the percent of total body weight feed/day and AvWt represents the 
average fish weight (g/fish) within a given cohort. 
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Figure 30. Body weight to percent feed relationship. 
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Feed Conversion Ratio 
The feed conversion ratio (FCR) was calculated after each fish sample. The FCR 
was used during body weight to feed relationship experiment to determine whether 
feeding rates were decreased or whether they remained the same from sampling period to 
sampling period. 
Experimental Impact 
A body weight to feed relationship was determined (Figure 30) by fluctuation of 
the feeding rate based on changes in the FCR. The average final fingerling weight was 
lower in the 10,000 fish cohorts than in the 5,000 fish cohorts (Figure 25 and Figure 26), 
likely limited by cohort density. By studying the trends in Figure 26 and Figure 28, it can 
be observed that the growth is limited at approximately 7 - 8 lb/ft3.  
The impact of this experiment for further research is to determine whether 
additional feed could potentially result in increased fingerling size or whether the body 
weight to feed relationship was optimized. Also, further research should evaluate whether 
a stocking density lower than 5,000 fish/cohort would result in an increase in fingerling 
size or not.  
Year 2 - Feed/Density 2  
(2006) 
The primary objectives during the 2006 growing season were to: 
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1. Test and evaluate the body weight to feed relationship developed during 
the feed/density 1 experimental trial conducted in 2005.  
2. Determine if a stocking at a lower fish density than the 2005 growing 
season would result in additional fingerling average weights. 
To accomplish this three treatments for a total of nine cohorts were established; 
three cohorts using the initial feed relationship (T1), three cells using the initial feed 
relationship plus 25% additional feed (T2), and three cells using the initial feed 
relationship plus 50% additional feed (T3). A stocking density of 3,000 fish/cell was 
chosen to evaluate the effect of lower stocking density. All 9 cells were stocked at this 
rate (Figure 31).  
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Figure 31. Design configuration for experiment feed/density 2 (2006). 
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The fry were stocked directly into the 2-acre PAS on June 2, 2006, 4 days after 
hatching in the on-site hatchery facility. The fish were regularly sampled, three times per 
week for the first month of the experiment and twice a week for the remainder of the 
growing season.  
Temperature 
The 7-day average temperatures for the system are displayed (Figure 32). The 
temperature was measured every morning between 8:00 and 8:30 AM. From June 2 
through the first week of August, the 7-day average morning water temperatures 
increased from 25°C to 30°C. The highest temperatures were during the end of July and 
beginning of August. Towards the end of August the temperatures began to decrease 
down to 20°C during the second week of October. The daily morning temperatures 
ranged from 18.3 to 31.1 °C over the entire duration of the season with an average of 
26.4 °C. 
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Figure 32. 7-Day average morning temperatures. 
  
 
 
 
Dissolved Oxygen Concentration 
The DO concentration was measured daily, between 8:00 and 8:30 am, both in the 
system and within the fish cohorts. For supplemental aeration, 0.75 hp fountain aerators 
were installed. An airlift system powered by a 3 hp blower was also utilized to create 
flow and aeration within the cells. Axial pumps powered by 0.75 hp motors were turned 
on during the growing season as the oxygen demand increased to provide additional flow 
rate as well as additional aeration. 
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The 7-day average DO concentrations were calculated from the daily readings and 
plotted in Figure 33 for the T1 fish cohorts, in Figure 34 for the T2 fish cohorts, and 
Figure 35 for the T3 fish cohorts. The 7-day average delta DO was also calculated and 
averaged for the T1, T2, and T3 fish cohorts respectively (Figure 36).  
The 7-day average DO concentrations for the treatment T1 fish cohorts generally 
remained between 4-6 mg/L with fluctuations up to 7.8 mg/L and down to 3.8 mg/L. The 
daily average morning DO within the fish cohorts was 5.30 mg/L, with a minimum of 
3.24 mg/L and a maximum of 7.96 mg/L, and an average delta of 0.83 mg/L.  
The 7-day average DO for the treatment T2 cohorts (Figure 34) remained between 
4-6 mg/L with fluctuations from 3.6 mg/L up to 7.1 mg/L. The daily average morning 
DO within the fish cohorts was 5.29 mg/L, with a minimum of 2.93 mg/L and a 
maximum of 8.14 mg/L, and an average delta of 0.79 mg/L.  
The 7-day average DO for the treatment T3 cohorts (Figure 35) remained between 
4-6 mg/L for the majority of the growing season with fluctuation from 3.3 to 7.8 mg/L. 
The daily average morning DO within the fish cohorts was 5.26 mg/L, with a minimum 
of 2.76 mg/L and a maximum of 8.12 mg/L, and an average delta of 0.76 mg/L. 
For all three treatments, the DO concentrations on average decreased as the 
growing season, likely due to increased fish respiration. The delta DO trend was also 
similar for all three treatments, beginning the season at a difference of 0.2 - 0.4 mg/L and 
increasing to a maximum of 1.6 – 1.8 mg/L during the 2nd and 3rd weeks of July, at which 
point the flow was increased by adding the 0.75 hp axial flow pumps to each cohort. At 
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this point the delta DO values decreased and ranged from 0.6 – 1.0 mg/L for the 
remainder of the growing season.  
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Figure 33. 7-day average DO concentrations for treatment T1. 
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Figure 34. 7-day average DO concentrations for treatment T2. 
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Figure 35. 7-day average DO concentrations for treatment T3. 
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Figure 36. 7-day average delta DO for treatments T1, T2, T3. 
Total Ammonia-N Concentration 
TAN concentrations were measured on a weekly basis both out in the system and 
within the fish cohorts, and averaged based on treatments T1, T2, and T3 respectively 
(Figure 37 – Figure 39). The delta TAN concentrations were also calculated and averaged 
for each treatment (Figure 40). 
For all three treatments, the TAN levels followed similar trends throughout the 
season, even considering the variation in feeding levels. This is an indication that the 
flow rates were sufficiently high enough to remove the waste so that the nutrients 
affected the entire system, not each individual cell. The TAN concentrations remained 
between 0.3 mg/L and 0.5 mg/L from stocking in June until September 1, 2006. At this 
point the TAN increased to peak of 1.5-1.6 mg/L on September 11, 2006. The TAN 
levels then decrease during the final three weeks of the growing season. The general 
upward trend of the TAN observed is explained by increased feed loading and fish 
metabolism as the growing season went on. The delta remained relatively constant 
throughout the 2006 growing season for all three treatments, ranging from 0.1 – 0.3 
mg/L. 
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Figure 37. TAN concentrations for the treatment T1 fish cohorts. 
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Figure 38. TAN concentration for the treatment T2 fish cohorts. 
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Figure 39. TAN concentration for the treatment T3 fish cohorts. 
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Figure 40. Delta TAN for treatments T1, T2, and T3. 
 
Un-ionized Ammonia 
The un-ionized ammonia (NH3-N) is the portion of TAN that is toxic to fish (Colt 
and Tchobanoglous, 1976). The fraction of TAN that is un-ionized is controlled by 
environmental conditions temperature and pH. During the growing season, the afternoon 
temperatures and pH values determine the maximum daily un-ionized ammonia. These 
parameters were not measured during the 2006-growing season. However, using the 
morning temperature and pH values, a relationship between un-ionized ammonia 
concentration and fingerling growth was observed (Figure 41). From the regression line, 
a trend of the higher the seasonal average un-ionized ammonia concentration, the smaller 
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the final average size of the fingerling can be observed. The potential for additional 
growth by reducing the fraction of TAN in the un-ionized form could be beneficial. 
Reducing the pH in the system and converting more of the TAN into the ionized form 
could accomplish this. This relationship is based off limited data and needs to be 
investigated further before a firm conclusion can be reached. 
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Figure 41. Observed relationship between [NH3] and fingerling weight. 
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Feeding Rates 
The daily average feeding rates show the average amount of feed applied to each 
cohort for treatments T1, T2, and T3, respectively (Figure 42 - Figure 44). The feeding 
rate was calculated after every sample. The feed rates increased during the entire growing 
season for all three treatments, until the last week, when feeding levels were decreased 
due to decreased consumption likely related to low water temperatures. The maximum 
feeding rates achieved per cell for each treatment were: 11.6 kg/day-cohort (25.5 lb/day-
cohort for T1, 14.4 kg/day-cohort (31.2 lb/day-cohort) for T2, and 16.4 kg/day-cohort 
(36.0 lb/day-cohort) for T3.  
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Figure 42. Average feeding rate per day per cell for the treatment T1 fish cohorts. 
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Figure 43. Average feeding rate per day per cell for the treatment T2 fish cohorts. 
 
 
 
 
87 
 
 
 
 
 
 
 
 
 
0
5
10
15
20
25
30
35
40
5/23 6/12 7/2 7/22 8/11 8/31 9/20 10/10 10/30
Date
Fe
ed
 (l
b/
da
y-
ce
ll)
 
Figure 44. Average feeding rate per day per cell for the treatment T3 fish cohorts. 
  
Feed Loading 
The total feed loading on the system from all nine cohorts was also determined 
(Figure 45). The peak 7-day average feed loading of 152 kg/ha-day (136 lb/acre-day) was 
observed during the first week of October. This is the highest feed loading observed 
during the 4-year fingerling experiment. This feed loading gives insight into the nutrient 
loading on the system by observing the feed composition in Table 3. 
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Figure 45. 7-day average feed loading combined for all cohorts. 
  
  
 
 
Growth 
The growth was monitored (Figure 46 - Figure 48) for the entire growing season 
for all three feeding rate treatments. The data is presented as the average fish weight for 
the cohorts after each sample, separated by treatment. For all three treatments, the growth 
followed a similar trend. The final fingerling weights at the end of the growing season 
were 133.0 g/fish (0.29 lb/fish), 128.3 g/fish (0.28 lb/fish), and 125.3 g/fish (0.28 lb/fish) 
for treatments T1, T2, and T3 respectively. The final average fingerling weights were 
actually lower in the cohorts that received feed additional to the relationship established 
in 2005. Additionally, the average final fingerling weight for all 9 cohorts at a density of 
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3,000 fish per cohort was 128.9 g/fish (0.28 lb/fish). This is a 0.54% increase compared 
to the average final fingerling weight in the 5,000 fingerling cohorts during the 2005 
growing season of 128.2 g/fish (0.28 lb/fish). The 2006 growing season was 10 days 
longer in comparison to the 2005 growing season.  
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Figure 46. Seasonal growth curve for treatment T1 fish cohorts. 
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Figure 47. Seasonal growth curve for treatment T2 fish cohorts. 
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Figure 48. Seasonal growth curve for treatment T3 fish cohorts. 
 
 
 
Cohort Density 
The fish cohort density was determined after each sample by multiplying the 
average fish weight by the number of fish in each cohort to obtain the total fish biomass 
in each cell and then dividing this number by the area in the container (Figure 49 - Figure 
51). This data was separated by the three feeding rate treatments, T1, T2, and T3 
respectively.   
The data for all three treatments followed a similar trend. The maximum density 
obtained in the 1/16th inch bins was 4.65 kg/m3 (0.29 lb/ft3), for the 1/8th inch bins it was 
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66.6 kg/m3 (4.16 lb/ft3), and for the 1/4th inch net-pens the final cohort density for the 
season was 85.1 kg/m3 (5.31 lb/ft3). The density for this growing season did not approach 
the 7.0 – 8.0 lb/ft3 observed to slow growth in the 10,000 fish cohorts in the first stocking 
density experiment during the 2005 growing season (Figure 28). 
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Figure 49. Cohort fish density for T1 fish cohorts with container changes indicated. 
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Figure 50. Cohort fish density for T2 fish cohorts with container changes indicated. 
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Figure 51. Cohort fish density for T3 fish cohorts with container changes indicated. 
 
 
Carrying Capacity 
The carrying capacity was determined as the total fish biomass from all fish 
cohorts measured per acre for the entire season (Figure 52). This parameter is important 
for comparison to conventional fingerling production and describes the system’s capacity 
for culturing fingerlings. The total final carrying capacity for 2006 was 3,796 kg/ha 
(3,387 lb/acre).  
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Figure 52. System carrying capacity 
 
Final Stocking Rate Evaluation 
A primary objective of the 2005 and 2006 growing season was to optimize the 
stocking rate for fingerling production. Catfish fry were stocked at 5,000 and 10,000 
fry/162 ft3 cohort in 2005 and 3,000 fish/162 ft3 cohort in 2006. To compare the results 
from these experimental trials, the growth and cohort density were plotted with time for 
all three stocking rates. 
From the growth data, it is observed that the growth was reduced an average of 
47% in the 10,000 fish cohorts vs. the 5,000 fish cohorts and there was a 0.54% increase 
in fingerling average weight for the 3,000 fish cohorts vs. the 5,000 fish cohorts. From 
the cohort density data it can be seen that the 5,000 fish cohorts reached an average 
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density of 7.8 lb/ft3, where as the 3,000 fish cohorts reached an average density of 5.3 
lb/ft3, representing a 26% reduction.  
From this it can be concluded that the optimum stocking rate is 5,000 fish/162 ft3 
cohort. Stocking at 10,000 fry/162 ft3 cohort limited growth, where as stocking at 3,000 
fry/162 ft3 cohort achieved similar growth to the 5,000 fish cohorts, but was unable to 
fully utilize the capacity of density within the cohort, resulting in a decrease in biomass 
production. Therefore, to maximize growth and total biomass production, a stocking rate 
of 5,000 fry/162 ft3 cohort is chosen. 
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Figure 53. Comparison of seasonal growth for stocking rates of 3,000 fry/cohort, 5,000 
fry/cohort and 10,000 fry/cohort. 
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Figure 54. Comparison of seasonal cohort density for stocking rates of 3,000 fry/cohort, 
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5,000 fry/cohort and 10,000 fry/cohort. 
Experimental Impact 
Average final fingerling weight was lower for cohorts fed 25% and 50% 
additional feed to the base relationship determined in 2005 (Figure 46-Figure 48). 
Therefore, feed application in addition to the 2005 relationship (Figure 30) is not deemed 
economically beneficial. Average final fingerling weight was 0.54% higher in the 3,000 
fish cohorts in 2006 than in the 5,000 fish cohorts in 2005 (Figure 53). Considering the 
reduction in achieved cohort density (Figure 54), reducing the stocking rate below 5,000 
fish/cohort to obtain additional fingerling weight was not deemed economically 
beneficial. Due to the additional feed above the 2005 relationship applied to the system, 
the feed loading on the system during the 2006 growing season (Figure 45) was the 
highest observed during the 4-year fingerling experimental trials. 
The impacts of the 2006 growing season experimental trials are that the 
effectiveness of the feed to body weight relationship observed during the 2005 growing 
has been confirmed and the stocking density of 5,000 fish/cohort has been determined to 
be optimal in terms of achieving growth and carrying capacity. This feed relationship and 
stocking density were used during the final two growing seasons. Also, an initial 
relationship between un-ionized ammonia and growth (Figure 41) indicates that reducing 
the pH to lower the fraction of TAN that is un-ionized may result in additional fingerling 
weight. 
 
 
99 
 
 
 
 
 
 
 
 
Year 3 - Carrying Capacity  
(2007) 
The primary objectives during the 2007 growing season were to: 
1. Maximize the system carrying capacity. 
2. Develop a pH and subsequent un-ionized ammonia concentration and 
evaluate the effect of un-ionized ammonia levels on fish growth. 
 To accomplish this all nine cohorts in the system were stocked with 5,000 fry. To 
reduce the fraction of TAN in the un-ionized form, CO2 was diffused into the flow path 
with a 50 lb tank and 2 – 12 inch fine bubble diffusers at a rate of 25 lb/day. The CO2 was 
injected prior to cohort 4, so that cohorts 1-4 would be amended with CO2, thereby 
lowering the pH and the fraction of TAN that is un-ionized (Figure 55).  
The fry were stocked directly into the 2-acre PAS on June 9, 2007, 4 days after 
hatching in the on-site hatchery facility.  The fingerlings were restocked into 1/4th inch 
net-pens on July 13, 2007 to ensure an accurate stocking rate. The fingerlings are easier 
to accurately sample than the young fry because they are larger. It was at this point, July 
13, that the experiments started and data collection is shown. The fish were regularly 
sampled, three times per week for the first month of the experiment and twice a week for 
the remainder of the growing season.  
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Figure 55. Design configuration for carrying capacity experiment (2007) 
 
 
 
 
Temperature 
The morning and afternoon 7-day average temperatures (Figure 56 and Figure 57) 
for the system are displayed. The temperature was measured every morning between 8:00 
and 8:30 AM and also every afternoon between 4:00 and 4:30 PM. The afternoon water 
temperatures were recorded to determine the peak un-ionized ammonia levels during the 
day. The unionized fraction of TAN increases with increasing temperatures.  From July 
13 through the end of August, the morning water temperatures ranged between 27°C - 
31°C. In September and October the temperatures began to decrease, down to 19°C - 
21°C during the last three weeks of the growing season. The daily morning water 
temperatures ranged from 17.2°C to 30.4°C over the entire duration of the season with an 
average of 25.6°C.  
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From July 13 through the end of August, the afternoon water temperatures ranged 
between 32°C and 35°C. In September and October the temperatures began to decrease, 
down to 23°C during the last week of the growing season. The daily afternoon 
temperatures ranged from 19.8 to 35.9°C over the entire duration of the season with an 
average of 30.4°C.  
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Figure 56. 7-day average morning temperature. 
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Figure 57. 7-day average afternoon temperature. 
  
 
 
Dissolved Oxygen Concentration 
The DO concentration was measured daily, between 8:00 and 8:30 am, both out in 
the system and within the fish cohorts. For supplemental aeration, 6 - 0.75 hp fountain 
aerators were installed. An airlift system powered by a 3 hp blower was also utilized to 
create flow and aeration within the cells. Axial pumps powered by 0.75 hp motors were 
turned on July 19, 2007 as the oxygen demand increased to provide additional flow rate 
as well as additional aeration. The effect of these pumps can be observed by an increase 
in DO concentration within the fish cohorts and a decrease in delta DO.  
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The 7-day average DO concentrations were calculated from the daily readings and 
plotted in Figure 58 for all nine fish cohorts. The 7-day average delta DO was also 
calculated and averaged for all nine fish cohorts (Figure 59).  
Before the axial pumps were turned on, the 7-day average DO was 5.1 mg/L 
within the fish cohorts with a delta DO of 1.2 mg/L. After the axial pumps were turned 
on in each cohort, the 7-day average DO increased to 6.0 mg/L within the fish cohorts 
with no measurable delta DO.  From this point at the end of July through the first week of 
October the DO concentration decreased to a 7-day average of 4.6 mg/L within the fish 
cohorts. At this point the DO increased during the last two weeks of the growing season, 
likely due to decreased feeding rates due to a decrease in feed consumption. The daily 
average morning DO within the fish cohorts was 5.33 mg/L, with a minimum of 3.08 
mg/L and a maximum of 8.57 mg/L, and an average delta of 0.35 mg/L. 
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Figure 58. 7-day average DO concentrations with the increased flow rate marked. 
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Figure 59. 7-day average delta DO concentrations with the increased flow rate marked. 
 
Total Ammonia-N Concentration 
The TAN concentrations were measured on a daily basis, both in the system and 
within the fish cohorts. The 7-day TAN averages (Figure 60) for the 2007 growing 
season are displayed, along with the 7-day average delta TAN concentrations (Figure 61).  
The TAN concentrations ranged between 0.4 mg/L and 0.9 mg/L in the fish 
cohorts from stocking into the 1/4th inch net-pens on July 13, 2007 and September 22, 
2007. At this point the TAN began to increase to peak 7-day average of 5.2 mg/L on 
October 11, 2007. The increase is likely explained by increased feed loading and 
decreased algal production due to shorter day lengths. The TAN levels then decreased 
during the last week of the season, likely due to decreased feeding rates due to fish losses 
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from holes in the net-pens due to predation and decreased consumption due to lower 
temperatures. The delta TAN remained low during the entire season, between 0.1-0.3 
mg/L. The daily average TAN within the fish cohorts was 1.34 mg/L, with a minimum of 
0.22 mg/L and a maximum of 5.58 mg/L, and an average delta of 0.16 mg/L.  
 
 
 
0
1
2
3
4
5
6
6/27 7/17 8/6 8/26 9/15 10/5 10/25 11/14
Date
TA
N
 (m
g/
L)
System
Cohorts
 
Figure 60. 7-day average TAN concentrations. 
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Figure 61. 7-day average delta TAN concentrations.  
 
On September 6, 2007 a leak in the hydraulic line caused algal paddles to 
malfunction. They were fixed the following day, September 7th, however a spike in TAN 
was observed for September 7th (Figure 62). The TAN prior to the event ranged from 0.5-
0.7 mg/L and spiked to 2.5 mg/L within the fish cohorts and 2.1 mg/L within the entire 
system after the malfunction. After the paddlewheel was fixed and operational again the 
TAN dropped back down to 0.5 mg/L within the system and 0.7 mg/L within the fish 
cohorts. This indicates the importance of proper paddlewheel operation to remove the 
fish waste from the cohorts and to maintain high-rate algal production for assimilation of 
the ammonia. The feed loading on the system on September 7 was 103 kg/ha-day (92 
lb/acre-day), representing the nutrient loading on the system. 
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Figure 62. Daily TAN concentrations from September 1 – September 14, 2007. 
 
 
 
Un-ionized Ammonia (NH3-N) 
 TAN compromises ammonia-N levels in both the un-ionized (NH3-N) and ionized 
(NH4+) forms. As previously described, ionized ammonia is harmless to the fish; 
however, un-ionized ammonia has been shown to be extremely toxic to aquatic life 
including catfish (Colt and Tchobanoglous, 1976). The amount of TAN in the ionized 
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and un-ionized form is controlled by the amount of TAN, and environmental conditions 
water temperature and pH. 
For this experimental trial, CO2 was diffused into the water flow path before 
cohorts 1-4 at a rate of 25 lb/day to observe whether or not the pH could be reasonably 
suppressed to a level that would decrease the concentration of un-ionized ammonia, and 
whether this would affect average fingerling weight.  
The 7-day average un-ionized ammonia concentrations (Figure 63) show that the 
concentration remained between 0.01 and 0.03 mg/L for the CO2 amended and 
unamended cohorts from July 13 – September 28, 2007. During the last two weeks of the 
growing season the concentration of un-ionized ammonia increased to 0.5 – 0.6 mg/L, 
due to an increase in TAN (Figure 60). The un-ionized ammonia concentrations ranged 
from 0.003 – 0.093 mg-N/L with an average of 0.026 mg/L in the CO2 amended cells and 
ranged from 0.007 – 0.134 mg/L with an average of 0.033 mg/L in the unamended cells. 
On average, the un-ionized ammonia concentration is lower in the CO2 amended cohorts.  
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Figure 63. 7-day average un-ionized ammonia concentrations. 
  
 
 
The increase in un-ionized ammonia concentrations at the end of the season did 
not increase as drastically as the TAN concentrations during the same period. This is due 
to the decrease in afternoon temperature (Figure 57) over this time period, and lower 
afternoon pH levels (Figure 64). From the pH data, it can be observed that a suppression 
ranging from 0.3 – 0.5 pH units was generated by the CO2 addition, with an average 
suppression of 0.3 pH units. The alkalinity was also measured throughout the season 
(Figure 65) and decreased from 94 mg/L as CaCO3 to 73 mg/L as CaCO3 with an average 
of 84 mg/L as CaCO3. 
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Figure 64. 7-day average afternoon pH levels. 
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Figure 65. Alkalinity concentrations throughout the season.  
 Flow Rates 
The flow rates during the 2007 growing season were measured regularly for each 
cohort (Figure 66). With the 3-hp blower powered airlift system in place from stocking 
on June 9, 2007 through July 19, 2007, the flow rates averaged 43.5 gpm. With the airlift 
system combined with a 0.75 hp axial flow ‘Big Flow’ pump turned on in each cell, the 
average flow rates increased to 335 gpm. 
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Figure 66. Flow rates per cell with and without ‘Big Flow’ axial pumps. 
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Feed Loading 
The total feed loading on the system was observed during the 2007 growing 
season (Figure 67). The peak 7-day average feed loading of 136 kg/ha-day (121 lb/acre-
day) was observed during the third week of September. After this point the feed loading 
decreased for the remainder of the growing season down to 40 kg/ha-day  (36 lb/acre-
day). It was at this time that holes in three of the net-pens were found, allowing the 
majority of the fingerlings in cohorts 3, 5, and 7 to escape. The holes were likely due to 
predation and once they found, the feeding rates were decreased immediately to more 
accurately feed the fish biomass in the cohorts and prevent excess nutrient loading from 
unutilized feed.   
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Figure 67. 7-day average feed loading combined for all cohorts. 
  
  
 
 
Growth 
The growth was monitored for the entire growing season and separated into 7-day 
averages for both the CO2 amended and unamended cohorts (Figure 68 and Figure 69). 
The data is presented as the average fish weight for the cohorts calculated after each 
sample. For both treatments, the growth followed similar trends throughout the growing 
season. The final fingerling weights at the end of the growing season were 115.0 g/fish 
(0.25 lb/fish) and 112.8 g/fish (lb/fish), for the CO2 amended and unamended cohorts, 
respectively.  
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Figure 68. Seasonal growth curve for CO2 amended fish cohorts. 
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Figure 69. Seasonal growth curve for unamended fish cohorts. 
 
Carrying Capacity 
The carrying capacity was determined after each sample as the fish biomass 
combined for all fish cohorts measured on a per acre basis for the entire season (Figure 
70). A primary objective for 2007 was to maximize this carrying capacity by stocking 
5,000 fish/cohort into 9 cohorts. The total final calculated carrying capacity for 2007 was 
5,262 kg/ha (4,695 lb/acre) based on calculations after each sampling period. As 
previously mentioned 3 cohorts lost fish from holes in the net due to predation. The 
actual harvested weight from the system was 4,068 kg/ha (3,639 lb/acre). The 4,695 
lb/acre value was used to determine feeding rate, and therefore controlled the nutrient 
loading on the system. Also, these fish were still loose within the system, feeding on 
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natural sources, and loading the system. Therefore, for design purposes the 4,695 lb/acre 
value was chosen. 
0
500
1000
1500
2000
2500
3000
3500
4000
4500
5000
6-Jul 26-Jul 15-Aug 4-Sep 24-Sep 14-Oct 3-Nov
Date
C
ar
ry
in
g 
C
ap
ac
ity
 (l
b/
ac
re
)
 
Figure 70. System carrying capacity combined for all fish cohorts. 
 
 
 
Survival Rate 
An estimate of the percentage of stocked fingerlings that survived were 
determined by the following equation: 
SR
AvWt
BmSR
S
)(−
= , (14) 
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where S is the percentage survival, SR is the stocking rate, Bm is the total biomass 
harvested from the cohort (lb), and AvWt is the average weight per fingerling at harvest 
(lb/fish).  Discarding the three cohorts from which fingerlings escaped, the survival rate 
was 91%. Typical survival rates in conventional fry/fingerling ponds range from 40-60%, 
representing a 1.5 – 2x increase in survival rate in the fry/fingerling PAS.  
Experimental Impact 
During the carrying capacity experimental trial during the 2007 growing season, 
the maximum carrying capacity was observed for the 4-year fingerling experiment of 
5,262 kg/ha (4,695 lb/acre) (Figure 70). The pH was suppressed in cohorts amended with 
25 lb/day CO2 by an average of 0.3 pH units (Figure 64) with an average alkalinity of 84 
mg/L CaCO3 (Figure 65). This pH suppression resulted in an average of 1.2% increase in 
final fingerling weight for the cohorts amended with CO2 (Figure 68 and Figure 69). 
Also, a survival rate of 91% was observed through the course of the growing season 
based on actual stocking rates and harvested biomass. 
The impacts of these experimental trials were that the objective of increasing the 
carrying capacity from the 2005 and 2006 growing season had been observed. The 
remaining objective was to reduce the energy input into the system by removing the 
pumps and utilizing the flow generated by the paddlewheels to provide the flow through 
the fish cohorts. 
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Year 4 - Water Distribution 
(2008) 
The primary objectives during the 2008 growing season were to: 
1. Utilize the flow rate generated by the paddlewheels in the PAS to produce 
flow to replace the system of pumps used for the first three years of the 
fingerling project.  
2. Observe growth rates and flow patterns in these flow-through cohorts. 
This would reduce the energy inputs into the system, as well as the liability of 
relying on the pumps to move water through the fish cohorts.  
The fry were stocked directly into the 2-acre PAS on June 2, 2008, 4 days after 
hatching in the on-site hatchery facility at a density of 5,000 fry/cohort. Three flow-
through cells were installed in parallel to the flow path and the flow was diverted into the 
containers (Figure 71). The fish were regularly sampled, three times per week for the first 
month of the experiment and twice a week for the remainder of the growing season. The 
fingerlings were not grown out for the entire growing season, rather they were harvested 
on August 5, 2008. This was done to allow time to quantify flow and observe growth in 
all three containers. There was no additional benefit to grow the fingerlings out the 
remainder of the season once this was done. 
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Figure 71. Design configuration for flow distribution experiment (2008). 
 
 
 
Temperature 
The temperature was measured every morning between 8:00 and 8:30 AM. The 7-
day average temperatures for the system are displayed (Figure 72). From stocking on 
June 2 through harvest on August 5, the 7-day average morning water temperatures 
ranged between 26°C to 29°C. The daily morning water temperature ranged from 24.3 to 
30.1 °C over the entire duration of the season with an average of 27.7 °C.  
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Figure 72. 7-day average morning temperatures. 
 
 
 
Dissolved Oxygen Concentration 
The DO concentration was measured daily, between 8:00 and 8:30 am, both out in 
the system and within the fish cohorts. For supplemental aeration, 4 - 0.75 hp fountain 
aerators were installed in the flow path just prior to the fish cohorts. There was no airlift 
system or pumps used during the 2008 growing season. 
The 7-day average DO concentrations were calculated from the daily readings and 
plotted in Figure 73 for all nine fish cohorts. The 7-day average delta DO was also 
calculated and averaged for all nine fish cohorts (Figure 74).  
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The 7-day average DO concentrations ranged between 4-5 mg/L within the fish 
cohorts with daily fluctuations from 2.9 mg/L to 5.7 mg/L with an average of 4.5 mg/L. 
The delta DO from system to cohorts ranged from 0.2 – 0.8 mg/L for the 7-day averages 
while the fish were in the 1/8th and 1/16th inch mesh bins. When they moved into the 1/4th 
inch net-pens on July 8th 2007, the 7-day average DO delta decreased to 0.1 mg/L, due to 
increased flow through the pens. The higher deltas during the beginning of the season 
were due to problems directing the flow path into the bins.  
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Figure 73. 7-day average DO concentrations. 
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Figure 74. 7-day average delta DO concentrations. 
 
 
 
Total Ammonia-N Concentration 
TAN concentrations were measured on a daily basis, both out in the system and 
within the fish cohorts. The 7-day averages were calculated to observe the seasonal trends 
(Figure 75) and the delta TAN values were calculated as well (Figure 69). 
The 7-day average TAN concentrations ranged between 0.5 mg/L and 0.6 mg/L in 
the fish cohorts from stocking on June 2, 2008 and July 11, 2008. The daily TAN levels 
ranged from 0.3 mg/L to 3.8 mg/L with an average of 1.04 mg/L in the fish cohorts and 
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an average delta TAN of 0.02 mg/L. During the final three weeks the fingerlings were in 
the system the TAN increased to a maximum 7-day average of 2.8 mg/L. The increase 
can be explained by problems with the algal paddlewheels. This included only one of the 
two paddlewheels operating during the majority of the last three weeks. The 7-day 
average delta TAN remained equal to or less than 0.1 mg/L.  
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Figure 75. 7-day average TAN concentrations. 
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Figure 76. 7-day average delta TAN concentrations. 
 
 
 
Flow Rates 
During the design of the passive flow system, several system configurations were 
designed to try to optimize the flow through the fish cohorts. Initially, flow rates lower 
than expected, averaging 69 gpm into each 1/16th inch mesh container, were observed. 
This was perceived as a problem of the flow bypassing the cohorts without flowing into 
them. To attempt to remedy this problem, a baffle was constructed and installed into the 
system to deflect flow into the cohorts (Figure 77). In fact, this potential solution actually 
created lower flows into the cohorts, observed visually. This was due to the high velocity 
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caused by the baffle creating a Venturi effect where the increased velocity past the 
opening in the gate caused a decrease in head, thereby limiting the force pushing the flow 
into the cohorts.  
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Figure 77. Configuration of a cohort with impermeable deflector installed. 
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 The next idea was to install a baffle just after the opening to the fish cohorts 
perpendicular to the flow path in order to build up head outside the opening (Figure 78). 
This was observed to have minimal positive effect on the flow into the fish cohorts. This 
solution was intuitively sound in principle to increase head in front of the gates and direct 
flow into the cohorts, however after further observation, the problem was not a lack of a 
head gradient to create the flow into the cohorts.   
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Figure 78. Configuration of a cohort with impermeable baffle installed. 
 
 Flow was effectively entering the fish cohorts because the only path for the flow 
from the aeration basin to the paddlewheel and algal basin was through the fish cohorts 
due to physical obstruction of concrete walls. The head should have been even for all 
three flow-through cohorts because they were in parallel with the flow path. Therefore, 
the problem was that the flow was not being effectively directed into the fish containers 
(Figure 79). It was instead bypassing around or underneath the containers, and on through 
the system.  
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Figure 79. Cohort with undirected water flow moving around the fish container. 
 
 This problem was solved by constricting the flow path physically using a metal 
gate and forcing it into the fish containers (Figure 80). This gate had a 1 ft x 1 ft square 
cut into it, the same size as the opening on both the 1/16th and 1/8th inch containers. The 
position of the containers within the cohorts could then be adjusted appropriately to direct 
sufficient flow without generating turbulence. This gate was removed when the 
fingerlings were moved into the 1/4th inch net-pens to allow flow through the entire 
cohort. 
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Figure 80. Removable gate with opening to restrict water flow into fish containers. 
 
 
 The final design used during the 2008-growing season is shown in Figure 81. The 
flow leaves the algal basin and flows through an aeration basin with surface aerators to 
add oxygen to the water. Then all the water flows through the fish cohorts before exiting 
to paddlewheels and back into the algal basin. The water must flow through the fish 
cohorts because concrete walls restrict the flow path ensuring that the only way to 
complete the circuit is for the water to flow through the cohorts. Flow is even in all three 
cohorts because they are aligned in parallel with the flow path ensuring that the gradient 
in head will not accumulate into one cohort more than another. Also, the effluent flow 
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from each cohort will not enter the other cohorts because flow is restricted among the 
cohorts except for a channel in the back of the cohort. 
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Figure 81. Final system configuration for 2008 growing season. 
The key components to this process were to:  
1. Restrict the flow path in a manner that it must travel through the fish 
cohorts to build a head gradient. 
2. Physically constrict the flow into each container to direct flow through the 
fish containers, while allowing enough to pass by to maintain laminar flow 
conditions. 
3. Align the cohorts in parallel with the flow path to ensure an even head 
gradient for each cohort. 
Once this desired layout was achieved, the passive flow velocities during the 2008 
growing season were regularly measured for each fish container and the flow rate 
calculated and compared to active flow rates measured in 2007 (Table 4). To allow flow 
to go through the 1/16th and 1/8th inch bins, a 12”x12” (1 ft2) square opening, covered 
with the appropriate mesh size, was cut into the front of the bins. The 1/4th inch net-pens 
did not need any alteration to allow flow through them. 
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Table 4. Average flow into containers for passive and active flow. 
Container Passive Flow Rate(GPM)
Active Flow Rate
(GPM)
1/8 inch and
1/16 inch Bins 363 40
1/4 inch 
Net-pens 2,444 335  
The containers were able to sustain the higher flow rates in the passive flow 
system compared to the active flow system without creating undesirable turbulence due 
to the decrease in cross-sectional velocity (Table 5). In the active flow system, flow 
entered 1/8th and 1/16th inch mesh containers through 3 – 2” diameter PVC pipes (0.065 
ft2) and entered the 1/4th inch net-pens through 3 – 2” diameter PVC pipes and a 8” 
diameter PVC pipe (0.35 ft2). In the passive flow systems the flow entered the containers 
through a 1 ft2 opening for the 1/16th and 1/8th inch containers and a 16 ft2 opening in the 
1/4th inch net-pen, allowing for increased flow, while still maintaining quiescent flow 
conditions. 
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Table 5. Average cross-sectional velocity into containers for passive and active flow. 
Container
Passive
Cross-Sectional
Velocity (fps)
Active
Cross-Sectional
Velocity (fps)
1/8 inch and
1/16 inch Bins
0.81 1.37
1/4 inch 
Net-pens
0.34 1.82
 
 
 
 
The average total flow observed was determined by summing the flow entering all 
three of the cohorts. These flow rates were also measured regularly during the growing 
season. The average was determined to be 7,331±818 gpm. The flow into the containers 
does not represent this value accurately due to losses around the fish containers. This was 
intentional to maintain laminar flow conditions and prevent excess flow, which could 
create turbulence. 
The projected flow potential within the system can be calculated given the 
paddlewheel area under the water and the water velocity generated using the equation: 
48.7*60*** vHLQ = , (15) 
where Q represents the projected flow rate (gpm) generated by the paddlewheel, L 
represents the length (8 ft for fish paddlewheel and 16 ft for the algal paddlewheel) of the 
paddlewheel, H represents the wetted height (2.25 ft) of the paddlewheel, and v 
represents the water velocity (0.5 ft/s) generated by the paddlewheel. The factor of 60 
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converts from seconds to minutes and the factor of 7.48 converts from ft3 to gallons. 
Substituting these values for both the fish and algal paddlewheels combined gives a 
projected flow rate of 12,150 gpm.  
Another key component of the flow path in the system is maintaining a circular 
flow within the 1/16th and 1/8th inch bins. When the fry are in these containers they are 
young and the feed size is small. If turbulent flow conditions exist, the fry can become 
disoriented and the feed can be difficult for them to locate. To prevent this, a baffle was 
installed at 45º at the entrance to divert the flow (Figure 82), with dimensions of 1’ x 1’. 
To visually show this circular flow path, a buoy was constructed with a cross-sectional 
area made of PVC hung 6” below the buoy (Figure 83). The flow velocity moved this 
buoy within the container and a picture was taken every two seconds to create a 
sequential display of the flow path (Figure 84).  
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Figure 82. Circular flow path with deflector shown in 1/16th inch bins (A) and 1/8th inch 
bins (B). 
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Figure 83. Buoy used to show flow within fish cohorts. 
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Figure 84. Picture sequence of circular flow motion within 1/16th inch and 1/8th inch bins 
with 2 seconds in between each picture. 
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Growth 
The growth was monitored (Figure 85) for the 65-day growing season. The data is 
presented as the average fish weight for the cohorts calculated after each sample. The 
final average fingerling weight after 65 days was 13.61 g/fish. 
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Figure 85. Seasonal growth curve averaged for all three fish cohorts.  
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The growth during the first 65 days of the previous three growing season was 
compared to the 2008 season (Figure 86). The growth for the 5,000 stocking density 
treatments were used for the 2005 season, the base feed treatments (T1) were used for the 
2006 season, and the unamended cohorts for the 2007 growing season. It can be seen that 
the first 65 days was similar for all 4 years of growth.  
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Figure 86. Average growth for 4 years through 65 days of the growing season. 
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Energy Requirements 
By operating the PAS using a flow-through design there are two main advantages: 
decreased reliance on pumps to generate flow and a reduction in energy requirements 
benefiting the economics of the system. For both the active and passive flow systems a 3 
hp motor was utilized to power the paddlewheels and 4 – 0.75 hp powerhouse surface 
aerators was used continuously to aerate the water prior to the fish cohorts. Using the 
active flow system, a 3 hp low head blower is used during the entire growing season and 
a 0.75 hp axial flow pump was activated in each cohort approximately one month into the 
growing season. These components were removed during the 2008-growing season. For 
the energy analysis a 140-day growing season was assumed, with continuous operation 
for the paddlewheels, aerators, and the blower; and 110-day operation of the axial flow 
pumps. Using these assumptions, it was determined that the energy requirement for active 
flow was 17,662 kw-hr/acre-yr (23,685 hp-hr/acre-yr) and for passive flow was 7,409 
kw-hr/acre-yr (9,936 hp-hr/acre-yr). This represents a 58% reduction in energy usage 
when using the passive flow system compared to the active flow.  
Experimental Impact 
During the 2008 growing season, fry/fingerlings were raised in flow-through cells 
without the airlift or pump system used during the previous three growing seasons. The 
fingerlings were harvested after 65 days of the growing season. Their growth to this point 
was compared to the previous three growing seasons (Figure 86) and was within one 
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standard deviation of the average fingerling weight 65 days into the growing season. 
From visual observation of Figure 86 the growth rate follows the same trend over this 
time period. The DO and TAN for the first 65 days of the 2008 growing season were also 
compared to the first 65 days of the previous three growing seasons. For DO, the average 
concentration within the fish cohorts for the first 65 days during the 2005-2007 growing 
season was 5.3 mg/L with a delta DO of 0.64 mg/L (Figure 16, Figure 33, and Figure 58). 
The average DO concentration for the 2008 growing season was 4.5 mg/L with a delta 
DO of 0.25 mg/L (FIGURE AND FIGURE). For TAN, the average concentration within 
the fish cohorts for the first 65 days during the 2005-2007 growing season was 0.50 mg/L 
with a delta TAN of 0.38 mg/L (FIGURE, Figure 37, and Figure 60). The average TAN 
concentration for the 2008 growing season was 1.08 mg/L with a delta TAN of 0.02 
mg/L (Figure 75). 
The flow velocities and subsequent flow rates generated with the paddlewheels 
were also quantified during the 2008-growing season (Table 4). Compared with the flow 
generated by the airlift and paddlewheels during the 2007 growing season (Figure 66), 
the flow for the entire 2-acre PAS system was 152% higher during the 2008 growing 
season. The flow path within the fish cohorts, specifically the 1/16th and 1/8th inch mesh 
bins, was qualified during the 2008 growing season (Figure 82 - Figure 84). This circular 
flow path was deemed important for feed presentation to the fry considering their weak 
swimming ability for the first 2-4 weeks (Bonneau et al. 1972). The power requirements 
were reduced by 58% by operating the system using passive flow vs. active flow. 
 
 
144 
 
 
 
 
 
 
 
 
Projected Fingerling Farm Size 
Tim Goode showed that market-size channel catfish could be produced for a 
profit using the PAS system on a 45-acre farm (Goode et al. 2002).  In his study a 45-acre 
(18-ha) PAS production system with a total of 909,800 lb (412,600 kg) yearly production 
capacity (20,200 lb/acre) was compared to a conventional 160-acre catfish farm 
producing 700,000 lb (317,000 kg) yearly. The PAS resulted in a decrease in production 
costs over the conventional system by $0.13 to $0.19/pound ($0.29 to $0.42/kg). This 
system could become significantly more economical if fingerlings stocked into the grow-
out PAS were grown on site from fry in PAS fingerling systems. His production figures 
were based on an extrapolation assuming multiple harvests per year, resulting in higher 
production than was proven. 
As mentioned previously, research has shown that an 80-gram fingerling stocked 
into the grow-out PAS could reach market size of 1.63 lb in one growing season 
(Aranguren et al. 2004). This would reduce the total time from fry to market for channel 
catfish from a range of 2 – 3 years down to 2 years by eliminating carryover, also 
benefiting the economics of the system. Eliminating carryover will also have health 
benefits and reduce the losses from the system due to mortality. Proliferative gill disease 
(PGD) effected from 25-100% of carryover fish during early spring in the PAS grow-out 
system.  
Based on the results from the 4-years of fingerling production it has been 
observed that at a stocking rate of 5,000 fry/162 ft3 cohort an average of 113.9 gram 
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fingerling can be produced in one growing season using the PAS technology at a carrying 
capacity of 4,695 lb/acre.     
To support 45-acres of a grow-out farm, the total amount of fingerlings needed 
each year for stocking can be calculated with the equation: 
market
outgrowoutgriw
AW
AC
F −−= *# , (16) 
where #F represents the number of fingerlings needed (fish/year), Cgrow-out represents the 
carrying capacity of the grow-out PAS (20,200 lb/acre-yr), Agrow-out represents the grow-
out farm area (45 acres), and AWmarket represents the average weight of a market size 
catfish (1.63 lb/fish). Substituting these values gives a total of 559,385 fingerlings needed 
on a yearly basis to support the grow-out farm. 
Given the results from the fingerling experiment, the total number of acres of 
fingerling production using the PAS needed to support this 45-acre grow-out farm can be 
calculated with the equation: 
fingerling
fingerling
fingerling C
AWF
A
*#= , (17) 
where Afingerling represents area of PAS fingerling production needed in acres, #F 
represents the number of fingerling needed (559,385 fish/yr), AWfingerling represents the 
average fingerling weight (0.25 lb/fish), and Cfingerling represents the fingerling carrying 
capacity (4,695 fish/acre). Substituting these values gives a PAS fingerling production 
farm of 26.9 acres. With a total size of 71.9 acres, a combined fry to market sized channel 
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catfish production farm could produce a projected 126,262 lb/yr of channel catfish 
fingerlings and 909,800 lb/yr of market-sized channel catfish. 
Projected Fingerling PAS Design 
Given the results from the fingerling experimental trials, a final design 
recommendation can be made.  
With an observed flow rate of 7,590 gpm delivered to the fish cohorts during the 
flow distribution experiment in 2008, and a maximum necessary flow of 330 gpm needed 
to each fish cohort, the number of cohorts that can theoretically be supported by this flow 
is given by the equation: 
(18) FCTFC /# = , 
 
where #C represents the theoretical number of cohorts, TF represents the total flow 
(7,590 gpm), and FC represents the flow desired per cohort (335 gpm). Substituting these 
values gives that 23 fish cohorts could be given adequate flow to prevent oxygen 
depletion and ammonia accumulation within the cohorts. 
With the observed optimum stocking rate of 5,000 fish/cohort as determined by 
stocking density experiments in 2005 and 2006, combined with a projected carrying 
capacity of 4,695 lb/acre determined by the carrying capacity experiment in 2007 with an 
average of 115 g (0.25 lb) fingerlings produced, the theoretical number of cohorts can be 
calculated by the equation: 
SD
AvWt
ACCC ÷= *## , (19) 
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where #C represents the number of cohorts, CC represents the system carrying capacity 
(5,000 lb/acre), #A represents the system area (2 acres), AvWt represent the average 
fingerling weight at harvest (0.25 lb/fish), and SD represents the stocking density (5,000 
fish/cohort). Substituting these values indicates that 8 cohorts can be installed per 2 acre 
production system.  The stocking density and carrying capacity limits the number cohorts 
per 2-acre system, not the flow rate. Therefore excess flow will be available. 
Taking these factors into account, several possible designs could be developed, 
such as the one seen in Figure 87. The paddlewheels would generate sufficient flow and 
stimulate a sufficient algal culture to sustain the growth and assimilate the nutrients for 
the growth in the fish cohorts. The 8 cohorts are located in parallel with the system flow 
to ensure each cohort receives an equal portion of the flow from the algal basin. Aerators 
are located in the flow path just prior to the fish cohorts to aerate the water for the fish 
without diffusive losses in the rest of the system. 
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Figure 87. Schematic design for 2-acre production fingerling PAS. 
 
 
 
 
 
 
A possible design for an individual fish cohort can be seen in Figure 88 with a 
front view in Figure 89. The gate is removable to control the direction of the flow path. 
The container location within the cohort can also be adjusted to obtain the proper flow 
through the container, the closer it is to the gate, the less water flow loss around the gate 
is observed. 
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Figure 88. Top view schematic design for an individual fish cohort. 
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Figure 89. Front view schematic design for an individual fish cohort showing the 
removable gate to alter flow restriction.  
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Conventional vs. PAS Production Comparison 
 From this information we can determine the effective annual harvest in a 
combined fry/fingerling and food-fish production PAS system and compare this to 
conventional pond systems and a combined fry/fingerling conventional pond and food-
fish production PAS. For this comparison, only proven production values were used 
instead of the extrapolated numbers used by Tim Goode in his research. To do this 
several assumptions were made. The first of which is that a food-fish market channel 
catfish is 1.63 lb. This is chosen as an average of 1.5-1.75 lb catfish is generally 
harvested. 
 For the conventional fry/fingerling ponds a carrying capacity of 2,100 lb/acre was 
chosen producing an average of 30 gram fingerlings from Table 1 (Tucker and 
Hargreaves 2004). For the conventional food-fish production ponds a carrying capacity of 
5,000 lb/acre was chosen. It was assumed that 70% of the stocked fingerling would be 
harvested after the first growing season and 30% would have to be carried over into a 
second growing season.  
 For the fingerling PAS a carrying capacity of 4,695 lb/acre was chosen (Figure 
70), producing an average of 115 gram fingerlings (Figure 68 and Figure 69). For the 
food-fish production PAS a carrying capacity of 18,000 lb/acre was chosen (Aranguren et 
al. 2004). If the system was stocked with conventional, 30 gram fingerling, tt was 
assumed that 70% of the stocked fingerling would be harvested after the first growing 
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season and 30% would have to be carried over into a second growing season (Aranguren 
et al. 2004). If the system was stocked with 115 gram fingerlings from the fry/fingerling 
PAS, then it was assumed that all of these stocked fingerlings could be harvested in one 
growing season.  
To determine the yearly harvest from each of these three systems, first the acreage 
of fingerling system needed to support an acre of food-fish production was determined. 
When doing this an effective food-fish harvest was determined by multiplying the 
carrying capacity by the percent harvested within the first year and ignoring the carryover 
fish. In reality, these carryover fish would be loading the system the following year and 
less fingerlings would be stocked. In this sense, these systems would need several years 
to ramp up to full production. Once this acreage was determined, the effective yearly 
harvest was divided by the total acreage of fry/fingerling and food-fish production area 
for comparison of yearly harvest for the three systems (Table 6).  
From this it can be observed that the conventional fingerling/food-fish PAS and 
fingerling PAS/food-fish PAS production system increase harvest by over 300%. 
However, the fingerling PAS/food-fish PAS only showed a 10% increase in yearly 
harvest per acre over a conventional fingerling/food-fish PAS. The effect of the 
fingerling PAS is mitigated by the high production of the food-fish PAS in comparison to 
the difference in conventional and PAS fingerling production. Also, the large area 
required to produce fingerlings in the PAS due to the larger size outweighing the effects 
of the higher carrying capacity. 
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Table 6. Yearly harvest comparison of fry-market production for three channel catfish 
production systems. 
Fry/Fingerling
System
Food-Fish
System
Yearly Harvest due to 
Carryover
(lb/acre)
Fingerling
Acreage
Yearly Harvest
(lb/acre)
Conventional Conventional 3,500 0.10 3,279
Conventional PAS 12,600 0.35 10,137
PAS PAS 18,000 0.60 11,280  
 
 
 
Although this 10% increase in per acre yearly harvest may seem insignificant 
compared to the energy and labor costs of PAS operation, there are still several 
advantages to operating the system in this PAS/PAS configuration: 
• Potential to stage more harvests during the growing season due to initially 
larger stocked fingerling. This could potentially increase the yearly harvest 
without effecting carrying capacity. 
• More control of fingerlings in a PAS system. 
o Prevention of predation 
o Ease of disease treatment 
o Ease of harvest 
• No over-wintering necessary in food-fish system, preventing problems with 
PGD. 
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• Higher survival rate (91% vs. 60% in conventional fingerling ponds) 
• No effluent discharge into the environment, eliminating the need for 
treatment. 
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SUMMARY 
System Configuration 
A 0.8 ha (2-acre) PAS designed with a three-channel raceway and two sets of 
paddlewheels was utilized in the project to culture channel catfish from fry to fingerlings 
during the first year of growth. The three channels included a central channel through 
which the water was distributed to 9 cells, 2.7 m x 1.7 m x 1.4 m (9 ft x 5.5 ft x 4.5 ft) 
each, for fish culture. The other two channels, 21 m x 183 m x 0. 5m (70 ft x 600 ft x 1.5 
ft) each, made up the algal basin, through which the effluent water from the fish basin 
was circulated through a high density algal culture for treatment before reentering the fish 
basin.  
The first set of paddlewheels consisted of 1 – 5 m by 2 m (16 ft x 6 ft), 6-blade 
paddlewheel and provided water velocity across the fish raceway. This paddlewheel was 
located directly after the fish cohorts in the flow path and enabled control of water quality 
in the fish basin independent of the algal basin by varying the paddlewheel velocity. The 
second set of paddlewheels consisted of 2 – 5 m x 2 m (16 ft x 6 ft), 6 blade 
paddlewheels and provided control mixing in the algal raceways to optimize growth. 
Each set of paddlewheels was driven by oil hydraulics powered by a 2.2 kW (3 hp) 
variable frequency motor. This motor was intentionally over-designed for the purposes of 
the research project. 
Supplemental aeration was added to the water column by 559 W (0.75 hp) 
floating axial flow powerhouse aerators. These aerators were located directly before the 
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fish cohorts in the flow path to oxygenate the water and minimize losses from diffusion 
and bacterial respiration before the water was applied to the fish. Throughout the 
experiment the number of aerators varied from 4 to 8 aerators per 2-acre system based on 
various setups for the different experimental trials. 
Nile Tilapia fish were also stocked into the algal basin as a co-culture and filter-
feeding organism. The tilapias reduce the overall cell age within the system and 
selectively feed on less desirable cyanobacteria, providing an algal crop consisting of 
young, 2-4 day old, green algal dominance, which optimizes the nutrient uptake rate 
(Kirk 2004). Tilapias also store the potential oxygen demand and ammonia as biomass, 
which can be harvested from the system. The tilapias were stocked at the beginning of the 
season at a stocking rate of approximately 25% of the expected total catfish biomass at 
the end of the season. (Kirk et al. 2004). 
Research Objectives  
The objective of this 4-year research project was to design a fingerling production 
system utilizing the 2-acre PAS to produce 80-100 gram fingerlings. Secondary 
objectives include determining a body weight to feed relationship, determining optimal 
stocking density, maximizing carrying capacity, and optimizing flow distribution. 
From this a final, 2-year system design layout could be created to maximize 
growing fry to market-size food fish in the PAS system at densities of 15,000-20,000 
lb/acre. 
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To accomplish, experimental trials were conducted over a 4-year time period 
(2005-2008). The primary objectives for each individual growing season are as follows: 
The primary objectives during the 2005 growing season were to develop a body 
weight to feed relationship to idealize the feed conversion ratio (FCR) and maximize the 
system efficiency and to determine at what stocking rate growth rate optimal growth is 
achieved. 
The primary objectives during the 2006 growing season were to test and evaluate 
the body weight to feed relationship developed during the feed/density 1 experimental 
trial conducted in 2005 and determine if a stocking at a lower fish density than the 2005 
growing season would result in additional fingerling average weights. 
The primary objectives during the 2007 growing season were to maximize the 
system carrying capacity and develop a pH and subsequent un-ionized ammonia 
concentration gradient and evaluate the effect of un-ionized ammonia levels on fish 
growth. 
The primary objectives during the 2008 growing season were to utilize the flow 
rate generated by the paddlewheels in the PAS to produce flow to replace the system of 
pumps used for the first three years of the fingerling project and observe growth rates and 
flow patterns in these flow-through cohorts. 
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Feed vs. Weight Formula 
A base feed vs. body weight relationship was developed empirically to optimize 
feeding rates of fry/fingerlings based on feed conversion rates (FCR). The final 
relationship is: 
(12) 5.0285% −∗= AvWtFd , 
where %Fd represents the percent of total body weight feed/day and AvWt represents the 
average fish weight (g/fish) within the given cohort. 
By maintaining a low FCR, in the range of gainedmassfedmass __1:21:1 − , theoretically 
the maximum growth possible can be achieved, while wasting a minimum amount of 
feed. If too little feed is presented to the fry/fingerlings, growth will be compromised. 
Excess feed that is not utilized by the fish presents a greater oxygen demand and nutrient 
loading on the system because none of the nutrients are converted into fish biomass. 
Also, excess feed is an unnecessary cost for the farm operation. Channel catfish fry were 
stocked at rate of 5,000 fry/cohort into each of 3 cohorts on May 30, 2005 (Figure 14). 
The fry/fingerlings were sampled three times for the first month of the experiment and 
twice weekly for the remainder of the growing season and the FCR was determined based 
on total fish biomass determined from sampling and total amount fed. If this FCR was 
greater than 3:1, than the amount fed by percentage was decreased and if the FCR was 
less than 3:1, the percentage fed was decreased. At stocking, the initial feed application 
of 30% body weight was used as a baseline from which to move down from. After the 
138-day growing season the fingerlings were harvested on October 14, 2005 at an 
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average weight of 128 g/fish (Figure 25). After pooling the data and fitting a trendline to 
the empirical data the initial feed curve was developed as seen above in equation 12. 
To test the accuracy of this formula and determine whether it could be further 
optimized a new experiment was setup for 2006. Channel catfish fry were stocked at a 
rate of 3,000 fry/cohort into each of 9 cohorts on June 1, 2006 (Figure 31). Three of these 
cells were fed according to the base formula determined in 2005, three were fed 
according to the base formula + 25%, and the remaining three were fed according to the 
base formula + 50%. After 148 days, on October 26, 2006, the fingerlings were harvested 
and the final average weights were compared. The base formula fed fingerlings averaged 
133 g/fish; the base formula + 25% fed fingerlings averaged 128 g/fish; and the base 
formula + 50% fed fingerlings averaged 125 g/fish (Figure 46 - Figure 48). Average final 
fingerling weight was lower for cohorts fed 25% and 50% additional feed to the base 
relationship determined in 2005 (Figure 25 and Figure 46-Figure 48). Therefore, feed 
application in addition to the 2005 relationship (Figure 30) is not deemed economically 
beneficial. 
Stocking Rate 
 
A stated objective was to produce a minimum of 80-gram fingerlings in one 
growing season at maximum density and carrying capacity. To determine this density, 
channel catfish fry were stocked at rates of 3,000 fry/ 162 ft3 cohort, 5,000 fry/162 ft3 
cohort, and 10,000 fry/162 ft3 cohort for comparison during the 2005 and 2006 growing 
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seasons. Growth rates for the three stocking densities follow a similar trend until the 
fingerlings reached about 50-60 grams, at which point the growth rates in the 10,000 fish 
density cohorts diminished for the remainder of the growing season in comparison with 
the growth in the 3,000 fish cohorts and the 5,000 fish cohorts (Figure 53). A comparison 
of the three seasonal densities is shown in Figure 54 and it is observed that the 3,000 fish 
cohorts never reached the limiting density of 7 – 8 lb/ft3 observed in 2005. 
From this, it is concluded that the optimum stocking rate is 5,000 fry/162 ft3 
cohort. Stocking at a higher rate will result in decreased growth, while stocking at a lower 
rate will result in a cohort density less than capable, ultimately sacrificing carrying 
capacity. 
Carrying Capacity 
A maximum carrying capacity for fingerling growth in the 2-acre PAS of 4,695 
lb/acre was observed during the 2007-growing season (Figure 70). This is more than two 
times that observed in typical pond fingerling production (Table 1). The fry were stocked 
at a rate of 5,000 fry per cohort into 9 cohorts. 
The fingerlings were sampled weekly and conversion rates were monitored. The 
fingerlings were harvested on October 29, 2007 at an average weight of 114 g/fish 
(Figure 68 and Figure 69). The survival rate was determined during the 2007 growing 
season. This rate is based on a stocking rate of 5,000 fish/cohort and the actual harvest 
biomass and average fish weights. Using these values a survival rate of 91% was 
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determined. Survival rates in conventional fry/fingerling ponds typically range from 40-
60% (Tucker and Hargreaves 2004). 
Flow Distribution 
It is also important to consider the flow rates for these different containers. To 
generate flow onto the fish during the first three growing seasons (2005-2007), a system 
of airlifts and pumps were used to control flow rate. During the fourth year (2008), a 
passive flow design was employed and the flow through the containers and net-pens was 
generated entirely by the paddlewheels. By operating the system using passive flow the 
reliance on pumps to generate flow in the fish cohorts was removed and the power 
requirements were decreased, thereby reducing the costs of operating the system. The 
power requirements were reduced by 58% by operating the system using passive flow vs. 
active flow.      
During the 2007 growing season, the flow rates were maintained at an average of 
43.5 gpm in the 1/8th and 1/16th inch containers using an airlift system powered by a 3 hp 
blower (Figure 66). The flow rates in the 1/4th net-pens were maintained at an average of 
335 gpm with the 3hp blower airlift system and the 0.75 hp axial pump in each cohort 
(Figure 66).  
During the 2008 growing season, a flow through design was incorporated to 
replace the pumps and utilize the flow generated by the paddles. This type of system 
would reduce energy costs and the reliance on electric pumps for flow. The average total 
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flow was measured to be 2,444 gpm per cell, with three cells total (Table 4). Therefore 
the average total flow for the system was7,311 gpm. These higher flow rates were 
achievable without creating excessive flow due to the increase surface area compared to 
the pipes used in active flow, creating lower velocities (Table 5). The fingerlings were 
only grown out the first 65 days to compare growth and water quality with the previous 
three growing seasons in both the fry containers and the net-pen. The growth was 
observed to follow a similar general trend over this time period (Figure 86).  
Within the containers the airlifts were oriented in a manner such that a circular 
flow was created within the container (Figure 82 - Figure 84). This is important for feed 
presentation and fry orientation as the fry are weak swimmers (swimmers (Bonneau et al. 
1972). This is true even for the flow through containers.  
The power requirements were reduced in the passive flow system because the 
flow was generated by the paddlewheels and the airlift system and axial flow pumps were 
not needed. Passive flow reduced overall power consumption to 7,409 kw-hr/acre-yr 
compared to a 9 cohort active flow system with a power consumption of 17,662 kw-
hr/acre-yr. This represents a reduction in yearly power requirement of 58%. 
Fish Stocking, Transfer, and Harvest 
During these experiment trials, one objective was to quantify how the 
fry/fingerlings should be moved from container to container and what flow rates were 
necessary to maintain adequate water quality for maximum growth.  
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Fry were stocked into 1/16th inch mesh containers at average weight of 
fry
grams006.0052.0 ± . The fry were stocked 3-5 days after hatching. The fry remained in 
these containers for an average of 210 ± days. The fry were moved into 1/8th inch mesh 
containers at an average weight of frygrams12.030.0 ± . The fry remained in these 
containers for an average of 429 ± days. Fingerlings were moved into 1/4th inch net-pens 
at an average weight of fingerlinggrams49.0±51.2 . The fingerlings remained in these net-pens 
for the remainder of the growing season, approximately 80-100 additional days, 
controlled by the water temperature conditions. 
Un-ionized ammonia effect 
The un-ionized ammonia (NH3-N) is the portion of TAN that is toxic to fish (Colt 
and Tchobanoglous, 1976). During the 2007 growing season, a potential correlation 
between unionized ammonia and decreased growth was observed, with limited TAN data 
(Figure 41). For the 2008 growing season it was attempted to create pH suppression for 4 
of the 9 cohorts through diffusion of carbon dioxide from the time the fingerlings were 
stocked into the 1/4th net-pens on July 13, 2007 until they were harvested on November 1, 
2007. An average of 25 lb/day of CO2 was added to the system during the daytime hours 
(8:00 am – 5:00 pm) with a fine bubble diffuser (Figure 55). An average decrease in 
afternoon pH of 0.27 units was observed for the CO2 amended cells (Figure 64), reducing 
the unionized ammonia concentrations by an average of Lgμ05.1322.9 ±  (Figure 63). The 
TAN levels within the cells averaged Lmg52.139.1 ± for the season (Figure 60), combined 
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with an average alkalinity of 84 mg/L as CaCO3 (Figure 65) and average afternoon water 
temperature of  (C°4.30 Figure 57) yielded average unionized ammonia levels of 
L
gμ64.222.3 ± for the un-amended cells and Lgμ16.264.2 ±  (Figure 63).  
The CO2 amended cohorts and the unamended cohorts averaged 115 g/fish and 
113 g/fish, respectively. Considering the cost of CO2 addition, it is deemed that 
attempting to decrease the unionized ammonia with CO2 addition to increase growth in 
this manner is not economically beneficial. 
System Production Comparison 
To evaluate the effect of using a PAS fry/fingerling coupled with a PAS food-fish 
production, this design was compared to both a purely conventional catfish production 
and a PAS food-fish coupled with a conventional fingerling production system. Multiple 
assumptions were made to simulate the effective yearly harvests for these designs. 
Market-size fish yields from conventional fingerling production combined with 
conventional pond grow-out was projected at an overall fish yield of 3,279 lb/acre of 1.63 
lb fish, as opposed to, 10,137 lb/acre of fish projected from conventional fingerling 
production coupled to PAS fish grow-out, as opposed to 11,280 lb/acre of market-sized 
fish yield projected from PAS fingerling production coupled to PAS grow-out. This 
increase is mitigated by the energy requirements and increased management of the PAS 
fingerling system. However, a PAS fingerling system removes the need for carryover of 
food-fish to a second grow-out season and the potential exists for a additional harvest 
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during the year because the stocked fingerling is larger in size, resulting in a longer 
selling season and increased yearly harvest. Several advantages such as increased control 
of fingerlings, higher survival rate, and no effluent discharged into the environment make 
the PAS fingerling system advantageous. 
Maximum Feed Application 
During the 2006 growing season, a maximum feed application of 138 lb/acre-day 
was observed (Figure 45). This was during the 2006 experiment to determine if there was 
a benefit to feeding in excess of the feed vs. body weight relationship developed in 2005. 
Therefore, in the latter part of the season, feeding rates were higher than any other time 
during the 4-year fingerling experiment. The feed application rate was maintained 
between 136-138 lb/acre-day every day for a 10-day period between October 3, 2006 and 
October 12, 2006 (Figure 42 - Figure 44). During this time period, average TAN of 0.5 
mg/L was observed in the system, indicating the system’s assimilative capability. 
Water Quality 
The fry/fingerlings were fed a high quality fish feed with 42% protein content up 
until they were fishgram1  and then a 35% protein content for the remainder of the growing 
season (Table 3). This feed composition combined with feeding rates determined the 
nutrient loading on the system. 
During the growing season of maximum feed loading (September 2006), the 
water quality observed during this growing season remained adequate for channel catfish 
 
 
166 
 
 
 
 
 
 
 
 
production, with an average morning water temperature of 25.6±3.6°C, an average 
afternoon water temperature of 30.4±4.1°C, average morning DO of 5.3±1.0 mg/L, and 
average TAN of 1.34±1.49 mg/L.   
During the 2005 growing season the average morning water temperature for the 
growing season was  (C°± 4.21.27 Figure 15). The average morning DO concentration in 
the cohorts was Lmg1.13.4 ±  (Figure 16) with an average delta DO of 
L
mg5.084.0 ± (Figure 18). The average TAN in the system was Lmg3.00.1 ± (Figure 19). 
The maximum 7-day average feed loading on the system during 2005 was 95 kg/ha-day 
(85 lb/acre-day) (Figure 24), which plays a critical role in nutrient loading on the system. 
During the 2006 growing season the average morning water temperature for the 
growing season was  (C°± 0.34.26 Figure 32). The average morning DO concentration in 
the cohorts was Lmg2.13.5 ±  (Figure 33) with an average delta DO of 
L
mg4.084.0 ± (Figure 36). The average TAN in the system was Lmg3.06.0 ± (Figure 37). 
The maximum 7-day average feed loading on the system during 2006 was 152 kg/ha-day 
(136 lb/acre-day) (Figure 45), which plays a critical role in nutrient loading on the 
system. 
During the 2007 growing season the average morning water temperature for the 
growing season was  (C°± 3.36.25 Figure 57). The average morning DO concentration in 
the cohorts was Lmg9.03.5 ±  (Figure 58) with an average delta DO of Lmg42.038.0 ±  
(Figure 59). The average TAN in the system was Lmg5.12.1 ± (Figure 60). The maximum 
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7-day average feed loading on the system during 2007 was 136 kg/ha-day (121 lb/acre-
day) (Figure 67), which plays a critical role in nutrient loading on the system. 
During the 2008 growing season the average morning water temperature for the 
growing season was  (C°± 4.17.27 Figure 72). The average morning DO concentration in 
the cohorts was Lmg7.05.4 ±  (Figure 73) with an average delta DO of Lmg33.021.0 ±  
(Figure 74). The average TAN in the system was Lmg8.00.1 ± (Figure 75). This was 
during the abbreviated growing season using passive flow. 
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CONCLUSIONS 
Four growing seasons (2005, 2006, 2007, & 2008) of experimental catfish-fingerling 
growth trials in reconfigured partitioned aquaculture system units produced the 
following conclusions; 
 
1. Optimal feed application rates required to grow 0.05 g catfish fry 115 g fingerling 
was observed to be (combed observations from 2005 and 2006) 
5.0  with %Fd = percent of catfish wet body weight to be fed 
per day (as dry feed), and AvWl = average individual fingerling wet weight. 
285% −∗= AvWtFd
 
2. The optimum catfish-fry stocking rate was determined (in 2005 and 2006) to be 
5,000 fry per 162 ft3 cohort.  In 2005, stocking at of 10,000 fry per 162 ft3 was 
observed to reduce fingerling growth by 47%. In 2006, stocking at a rate of 3,000 
fry per 162 ft3 was observed to reduce final cohort density by 26%. 
 
3. Maximum total system carrying capacity of 4,695 lb/acre was observed during 
2007, with fry stocked at 5,000 fry/162 ft3 cohort, and fed at previously 
determined optimal feeding rate, yielding an average catfish fingerling size of 
113.9 g/fish, with overall fry survival rate of 91%. 
 
4. Maximum system total feed application of 138 lb/acre-day of 35% protein feed 
was observed during the 2006-growing season. During the feed application the 
TAN within the system remained between 1.0 mg/L and 1.6 mg/L. 
 
5. Over the four year period, optimal stocking into fry and fingerling containers was 
determined as: initial stocking (3-5 days after hatching) into 1/16th inch mesh 
container at average weight of 006.0052.0 ± g/fry for a growth period of 
210 ± days, after which the fingerlings were moved into 1/8th inch mesh 
containers at average weight of 12.030.0 ±  g/fish for a growth period of 
429 ± days, followed by transfer to 1/4th inch net-pens at average weight of 
49.0  g/fish where the fingerlings were grown for the remainder of the 
growing season. 
51.2 ±
 
6. In 2007, daylb25  of CO2 addition to water flow for 4 of the 9 cohorts was observed 
to reduce individual fingering cohort influent water pH by 20.0 units 
yielding an average reduction in unionized ammonia concentrations of 
27.0 ±
L
gμ05.1322.9 ± . No significant difference in the end of season fingerling weights 
was observed at this CO2 addition rate. 
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7. A series of 2 inch airlift pumps fed by a single 3-hp low-head blower was found 
to be capable of supplying sufficient water flow-rate (in 2005, 2006, and 2007) of 
6.65. gpm per container to 9 cohorts.  A series of 0.75-hp axial flow pumps 
(in 2005, 2006, and 2007) were required for each 1/4th inch net-pens providing an 
average flow of 3.46335 ±  gpm/cohort.  
43 ±
 
8. In 2008 it was observed that sufficient water flow to both fry/fingering containers 
and cohorts could be maintained using the paddlewheel generated flow (passive 
flow) yielding an average flow rate of 273444,2 ± gpm/cell but producing a lower 
cross-sectional velocity of 0.34 ft/sec as compared to 1.82 ft/sec. Passive flow 
reduced overall power consumption by 58% to 7,409 kw-hr/acre-yr compared to a 
9 cohort active flow system with a power consumption of 17,662 kw-hr/acre-yr. 
 
9. Under passive flow conditions a flow deflector of 12” by 12” positioned at a 45 
degree angle in water path was found to be needed to generate a flow vortex 
within the 1/16th inch and 1/8th inch mesh containers to provide feed retention and 
prevent fry disorientation. 
 
10. Market-size fish yields from conventional fingerling production combined with 
conventional pond grow-out was projected at an overall fish yield of 3,279 lb/acre 
of 1.63 lb fish, as opposed to, 10,137 lb/acre of fish projected from conventional 
fingerling production coupled to PAS fish grow-out, as opposed to 11,280 lb/acre 
of market-sized fish yield projected from PAS fingerling production coupled to 
PAS grow-out. 
 
11. Additional advantages offered by PAS fingerling operation include the potential 
to stage more harvests throughout the growing season due to a larger stocked 
fingerling, which would increase yearly harvest for a given carrying capacity; the 
elimination of the need to over-winter fish in the grow-out PAS; high survival 
rate; ease of disease treatment; ease of harvest; and no discharge into the 
environment. Disadvantages include higher energy inputs and more intensive 
management of algal culture. 
 
12. Water quality observed during the 4 year experimental trials remained adequate 
for channel catfish fingerling production. Average morning temperatures ranged 
from 25.6 – 27.7 °C. Average morning DO concentrations ranged from 4.3-5.3 
mg/L with an average delta DO ranging from 0.20-0.84 mg/L. Average TAN 
concentrations in the system ranged from 0.6-1.2 mg/L. 
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APPENDIX A – WATER QUALITY 
This appendix displays water quality data taken during each growing season. The 
daily data collected is shown as well as parameters measured at intervals throughout the 
season. The data is separated by cohort. 
2005 – Cohort 1  
Date Mortality 
(# Fish) 
Temperature 
(C) 
DO System
(mg/L) 
DO Cohort 
(mg/L) 
pH System pH Cohort 
6/25/2005 4 27.6 5.46 5.30 8.08 7.28 
6/27/2005 8 25.9 4.37 4.64 7.76 7.81 
6/28/2005 2 27.4 4.44 4.85 7.22 7.02 
6/29/2005 0 27.7 4.67 5.16 7.60 7.70 
6/30/2005 1 28.7 6.85 6.70 7.61 7.71 
7/1/2005 1 29.2 4.40 4.75 7.63 7.72 
7/2/2005 0 28.5 5.12 5.04 8.03 7.73 
7/4/2005 0 27.0 5.66 5.65 6.72 6.81 
7/5/2005 2 28.0 5.49 5.42 6.66 6.90 
7/6/2005 0 29.0 5.24 5.11 6.75 6.85 
7/7/2005 0 26.2 5.85 5.70 6.82 6.77 
7/8/2005 0 26.1 6.77 6.13 6.54 6.54 
7/9/2005 0 28.3 7.78 6.66 7.72 7.37 
7/11/2005 0 27.9 5.07 4.40 6.75 6.66 
7/13/2005 0 28.2 5.41 4.87 6.55 6.34 
7/14/2005 0 28.7 6.49 5.94 6.86 6.70 
7/15/2005 0 28.9 5.55 5.11 7.17 7.09 
7/16/2005 0 29.4 4.83 4.14 6.73 6.75 
7/17/2005 0 29.4 5.73 4.86 7.34 6.98 
7/18/2005 0 30.2 5.22 4.29 7.38 7.08 
7/19/2005 0 31.0 5.06 4.18   
7/20/2005 0 30.4 5.09 4.25   
7/21/2005 0 29.8 5.37 4.33 7.54 7.40 
7/22/2005 0 29.8 5.28 4.00 7.35 7.25 
7/23/2005 0 29.4 7.08 5.25   
7/24/2005 0 29.7 5.72 4.43   
7/25/2005 0 30.2 5.44 3.99 7.51 7.21 
7/26/2005 0 30.8 4.81 3.87 7.51 7.24 
7/27/2005 1 31.6 4.48 4.00 7.09 6.88 
7/28/2005 1 31.8 4.60 4.11 7.09 6.82 
7/30/2005 0 26.6 4.82 4.47 6.78 6.61 
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8/1/2005 0 27.0 5.10 4.55 6.78 6.59 
8/2/2005 2 27.9 5.67 4.96 6.97 6.77 
8/3/2005 0 28.2 5.43 4.65 7.21 7.02 
8/6/2005 0 29.1 4.41 4.29   
8/7/2005 0 27.5 6.09 4.85   
8/8/2005 0 25.3 5.66 4.95   
8/9/2005 0 25.5 5.71 4.97 6.98 6.86 
8/10/2005 0 27.8 5.57 4.57 6.83 6.63 
8/11/2005 0 28.2 5.98 4.63 7.07 6.72 
8/12/2005 0 29.4 5.84 4.31 7.12 6.67 
8/13/2005 0 29.8 5.51 4.04 7.27 6.80 
8/14/2005 0 29.7 4.86 3.70 6.94 6.53 
8/15/2005 0 29.7 4.80 3.68 7.12 6.86 
8/16/2005 0 30.3 4.60 3.63 6.84 6.60 
8/17/2005 0 29.8 4.62 3.81 7.00 6.69 
8/18/2005 0 29.1 4.60 3.82 7.09 7.02 
8/19/2005 0 28.3 5.45 4.10 6.88 7.03 
8/20/2005 0 28.8 3.93 2.80   
8/21/2005 0 30.6 6.62 4.47   
8/22/2005 0 29.4 4.74 3.33   
8/23/2005 0 29.1 4.08 3.54 7.07 7.05 
8/24/2005 0 28.6 4.80 3.54 6.92 6.75 
8/25/2005 0 27.5 5.22 3.95 7.06 6.82 
8/26/2005 0 27.2 5.18 4.12 6.85 6.81 
8/27/2005 0 26.9 5.43 4.03 7.13 7.13 
8/28/2005 0 28.2 5.28 3.74 6.87 6.59 
8/29/2005 0 28.8 5.37 3.82 6.84 6.64 
8/30/2005 0 27.9 5.46 4.19 6.81 6.66 
8/31/2005 0 26.4 6.27 4.94 7.22 7.00 
9/1/2005 0 27.0 5.79 4.46 7.30 7.06 
9/2/2005 0 27.0 5.78 4.34 7.43 6.91 
9/3/2005 0 27.5 6.47 4.97 7.18 7.07 
9/4/2005 0 26.4 6.50 5.13 7.52 7.16 
9/5/2005 0 26.2 6.60 4.86 8.13 7.44 
9/6/2005 0 24.4 6.90 5.40 8.49 7.99 
9/7/2005 0 23.5 6.90 5.29 8.05 7.42 
9/8/2005 0 23.7 6.74 5.08 7.69 7.52 
9/9/2005 0 24.3 6.42 4.93 7.07 7.23 
9/10/2005 0 23.9 6.48 4.74   
9/11/2005 0 24.6 7.10 5.01   
9/12/2005 0 23.6 6.68 4.68 7.18 6.84 
9/13/2005 0 24.5 6.42 4.89 6.96 6.78 
9/14/2005 0 25.6 6.29 4.26 7.35 6.67 
9/15/2005 0 26.0 6.25 4.25 7.09 6.75 
9/16/2005 0 27.0 5.88 3.74 6.87 6.49 
9/17/2005 0 26.5 5.97 3.77 6.84 6.54 
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9/18/2005 0 25.8 6.26 4.01 6.86 6.63 
9/19/2005 0 25.1 6.24 3.90 7.26 6.96 
9/20/2005 0 25.7 6.13 3.77 7.06 6.65 
9/21/2005 0 26.2 5.88 3.62 7.05 6.59 
9/22/2005 0 26.4 5.65 3.46 6.82 6.48 
9/23/2005 0 26.0 5.15 3.27 7.21 7.48 
9/24/2005 0 26.1 5.61 3.55 6.81 6.53 
9/25/2005 0 26.2 6.01 4.66 6.94 6.66 
9/26/2005 0 25.8 5.83 3.53 7.01 6.69 
9/27/2005 0 24.4 6.42 4.27 6.90 6.69 
9/28/2005 0 24.3 6.34 4.23 6.77 6.78 
9/29/2005 0 24.2 6.25 4.22 7.20 6.97 
9/30/2005 0 23.4 6.67 4.75 7.01 6.74 
10/1/2005 0 22.3 4.77 6.20 7.00 7.29 
10/2/2005 0 23.1 3.91 5.98 7.44 7.50 
10/3/2005 0 23.3 6.98 4.55 7.08 6.70 
10/4/2005 0 23.1 6.94 4.51  6.68 
10/5/2005 0 23.3 6.85 4.34 7.19 7.10 
10/7/2005 0 22.4 6.88 5.26 6.99 6.80 
10/8/2005 0 22.9 6.68 4.72  6.70 
10/9/2005 0 24.2 6.45 4.47   
10/10/2005 0 23.3 6.89 4.65   
10/11/2005 0 22.5 7.79 6.12   
 
Date TAN System 
(mg/L) 
TAN Cohort 
(mg/L) 
6/27/2005 0.3 0.6
7/1/2005 0.4 0.6
7/8/2005 0.3 0.8
7/14/2005 0.8 1.1
7/18/2005 0.7 1.2
7/25/2005 0.5 1.3
8/10/2005 0.4 1.0
8/25/2005 1.6 1.8
9/1/2005 0.4 0.8
9/14/2005 0.6 1.4
9/29/2005 0.4 0.8
10/4/2005 0.3 0.8
  
Date 
Nitrites 
(mg/L) 
9/1/2005 0 
9/14/2005 0 
10/14/2005 0 
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Date Secchi Depth 
(cm) 
9/5/2005 15 
9/6/2005 15 
9/7/2005 15 
9/8/2005 15 
9/9/2005 15 
9/10/2005 15 
9/11/2005 15 
9/12/2005 15 
9/13/2005 15 
9/14/2005 15 
9/15/2005 13 
9/16/2005 13 
9/17/2005 13 
9/18/2005 13 
9/19/2005 15 
9/20/2005 15 
9/21/2005 15 
9/22/2005 15 
9/23/2005 15 
9/24/2005 15 
9/25/2005 15 
9/26/2005 18 
9/27/2005 18 
9/28/2005 18 
9/29/2005 18 
9/30/2005 18 
10/1/2005 18 
10/2/2005 18 
10/3/2005 20 
10/4/2005 20 
10/5/2005 18 
10/6/2005 18 
10/7/2005 18 
10/8/2005 18 
10/9/2005 18 
10/10/2005 18 
10/11/2005 18 
 
Date Alkalinity 
(mg/L as CaCO3) 
7/6/2005 60 
7/14/2005 68.4 
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2005 - Cohort 2 
Date Mortality 
(# Fish) 
Temperature 
(C) 
DO System
(mg/L) 
DO Cohort 
(mg/L) 
pH System pH Cohort 
6/25/2005 4 27.6 5.00 5.36 8.29 8.23 
6/27/2005 0 26.0 4.33 4.80 7.73 7.74 
6/28/2005 1 27.4 4.03 5.07 7.64 7.77 
6/29/2005 0 27.7 4.28 5.32 7.62 7.61 
6/30/2005 1 28.7 6.39 6.41 7.55 7.75 
7/1/2005 0 29.2 4.34 4.54 7.52 7.59 
7/2/2005 1 28.5 5.03 5.15 7.50 7.78 
7/4/2005 0 27.0 5.76 5.80 6.88 6.87 
7/5/2005 0 28.0 5.64 5.54 6.80 6.90 
7/6/2005 0 29.0 4.77 5.09 6.95 6.76 
7/7/2005 1 26.2 5.85 5.72 6.88 6.83 
7/8/2005 0 26.1 6.35 6.37 6.80 6.76 
7/9/2005 0 28.5 7.99 7.26 7.94 7.64 
7/11/2005 1 27.9 5.00 4.72 6.79 6.75 
7/13/2005 0 28.2 5.24 5.04 6.67 6.66 
7/14/2005 0 28.6 6.02 6.06 6.89 6.80 
7/15/2005 0 28.9 5.22 5.17 7.05 7.01 
7/16/2005 0 29.4 4.73 4.38 6.79 6.71 
7/17/2005 0 29.4 5.65 5.08 7.40 7.22 
7/18/2005 0 30.2 5.18 4.56 7.47 7.26 
7/19/2005 0 31.0 4.74 4.80   
7/20/2005 0 30.4 4.76 4.71   
7/21/2005 0 29.8 5.35 4.80 7.50 7.36 
7/22/2005 0 29.8 5.20 4.81 7.38 7.28 
7/23/2005 0 29.4 6.96 6.12   
7/24/2005 0 29.7 5.25 5.00   
7/25/2005 0 30.3 5.43 4.60 7.48 7.32 
7/26/2005 0 30.8 4.63 4.40 7.47 7.34 
7/27/2005 0 31.6 4.43 3.98 7.13 6.99 
7/28/2005 6 31.7 4.47 3.99 7.19 7.01 
7/30/2005 0 26.6 4.57 4.26 6.81 6.74 
8/1/2005 0 27.0 4.89 4.48 6.88 6.77 
8/2/2005 0 27.9 5.43 4.95 7.04 6.89 
8/3/2005 0 28.2 5.20 4.64 7.26 7.08 
8/6/2005 2 29.1 4.41 4.26   
8/7/2005 0 27.5 5.85 4.81   
8/8/2005 0 25.3 5.83 5.25   
8/9/2005 0 25.5 5.70 5.35 6.96 6.85 
8/10/2005 0 27.8 5.35 4.95 6.98 6.74 
8/11/2005 0 28.2 5.94 5.14 7.16 6.84 
8/12/2005 0 29.4 5.65 5.07 7.22 6.85 
8/13/2005 0 29.8 5.39 4.71 7.46 6.97 
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8/14/2005 0 29.7 4.74 4.15 6.99 6.71 
8/15/2005 0 29.7 4.42 4.07 7.11 6.91 
8/16/2005 0 30.3 4.20 4.06 6.92 6.65 
8/17/2005 0 29.8 4.32 3.91 7.03 6.80 
8/18/2005 0 29.1 4.20 3.92 6.82 6.66 
8/19/2005 0 28.4 4.92 4.37 6.89 6.56 
8/20/2005 0 28.9 3.77 3.25   
8/21/2005 0 30.6 6.21 5.12   
8/22/2005 0 29.4 4.48 3.53 6.90 6.68 
8/23/2005 0 29.1 4.57 3.85 6.98 6.80 
8/24/2005 0 28.6 4.70 3.95 6.98 6.83 
8/25/2005 0 27.5 5.04 4.28 7.02 6.94 
8/26/2005 0 27.2 4.85 4.60 6.80 6.75 
8/27/2005 0 26.9 5.03 4.42 6.85 6.74 
8/28/2005 0 28.2 4.89 4.16 6.91 6.75 
8/29/2005 1 28.8 4.96 4.44 6.92 6.78 
8/30/2005 0 27.9 4.89 4.54 6.85 6.65 
8/31/2005 0 26.4 6.01 5.18 7.00 6.89 
9/1/2005 0 27.0 5.51 4.90 7.25 7.20 
9/2/2005 0 27.0 5.55 4.89 7.50 7.13 
9/3/2005 0 27.5 6.20 5.30 7.58 7.04 
9/4/2005 0 26.4 6.34 5.41 7.94 7.37 
9/5/2005 0 26.2 6.36 5.33 7.58 7.78 
9/6/2005 0 24.4 6.85 5.77 8.40 8.20 
9/7/2005 0 23.5 6.62 5.75 8.32 7.88 
9/8/2005 0 23.7 6.35 5.51 7.68 7.58 
9/9/2005 0 24.2 6.18 5.32 7.42 7.28 
9/10/2005 0 23.9 6.20 5.00   
9/11/2005 0 24.6 6.90 5.54   
9/12/2005 0 23.6 6.37 5.24 7.00 6.96 
9/13/2005 0 24.5 6.05 5.18 6.80 6.80 
9/14/2005 0 25.6 5.49 4.73 7.37 6.94 
9/15/2005 0 26.0 5.82 4.73 7.34 7.12 
9/16/2005 0 27.0 5.38 4.32 7.00 6.71 
9/17/2005 0 26.4 5.38 4.37 6.87 6.55 
9/18/2005 0 25.7 6.02 4.62 7.45 6.87 
9/19/2005 0 25.1 5.82 4.64 7.51 6.98 
9/20/2005 0 25.7 5.73 4.51 7.08 6.61 
9/21/2005 0 26.2 5.35 4.34 7.06 6.87 
9/22/2005 0 26.4 5.13 4.04 6.91 6.64 
9/23/2005 0 26.0 5.15 3.60 7.21 7.18 
9/24/2005 0 26.1 4.92 4.22 6.80 6.62 
9/25/2005 0 26.2 5.44 4.93 6.93 6.77 
9/26/2005 0 25.8 5.03 4.13 6.92 6.82 
9/27/2005 0 24.4 5.85 4.79 6.88 6.69 
9/28/2005 0 24.3 5.84 4.76 6.80 6.66 
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9/29/2005 0 24.2 5.59 4.77 7.05 6.92 
9/30/2005 0 23.3 6.12 5.17 6.98 6.72 
10/1/2005 0 22.3 5.30 6.20 6.85 7.29 
10/2/2005 0 23.1 4.49 5.98 7.58 7.50 
10/3/2005 0 23.2 6.52 5.09 7.15 6.83 
10/4/2005 1 23.1 6.57 4.81   
10/5/2005 0 23.3 6.31 4.98 7.22 6.80 
10/7/2005 0 22.4 6.16 5.35 6.94 6.75 
10/8/2005 0 22.9 6.14 4.88   
10/9/2005 0 24.2 6.05 4.73   
10/10/2005 0 23.3 6.60 5.05   
10/11/2005 0 22.5 7.70 6.48   
 
Date TAN System 
(mg/L) 
TAN Cohort 
(mg/L) 
6/27/2005 0.3 0.6 
7/1/2005 0.4 0.6 
7/8/2005 0.3 0.8 
7/14/2005 0.8 1.1 
7/18/2005 0.7 1.0 
7/25/2005 0.5 1.2 
8/10/2005 0.4 1.0 
8/25/2005 1.6 1.8 
9/1/2005 0.4 0.8 
9/14/2005 0.6 1.1 
9/29/2005 0.4 0.5 
10/4/2005 0.3 0.7 
 
Date Nitrites 
(mg/L) 
9/1/2005 0 
9/14/2005 0 
10/14/2005 0 
 
Date Secchi Depth 
(cm) 
9/5/2005 15 
9/6/2005 15 
9/7/2005 15 
9/8/2005 15 
9/9/2005 15 
9/10/2005 15 
9/11/2005 15 
9/12/2005 15 
9/13/2005 15 
9/14/2005 15 
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9/15/2005 13 
9/16/2005 13 
9/17/2005 13 
9/18/2005 13 
9/19/2005 15 
9/20/2005 15 
9/21/2005 15 
9/22/2005 15 
9/23/2005 15 
9/24/2005 15 
9/25/2005 15 
9/26/2005 18 
9/27/2005 18 
9/28/2005 18 
9/29/2005 18 
9/30/2005 18 
10/1/2005 18 
10/2/2005 18 
10/3/2005 20 
10/4/2005 20 
10/5/2005 18 
10/6/2005 18 
10/7/2005 18 
10/8/2005 18 
10/9/2005 18 
10/10/2005 18 
10/11/2005 18 
10/12/2005 18 
 
2005 - Cohort 3 
Date Mortality 
(# Fish) 
Temperature 
(C) 
DO System
(mg/L) 
DO Cohort 
(mg/L) 
pH System pH Cohort 
6/24/2005 2 27.6 6.10 5.10 8.01 7.78 
6/26/2005 1 26.0 4.30 3.83 7.59 7.50 
6/27/2005 0 27.4 4.32 4.19 7.64 7.52 
6/28/2005 1 27.7 4.35 4.26 7.65 7.52 
6/29/2005 7 28.7 5.85 5.33 7.57 7.47 
6/30/2005 0 29.2 3.68 3.26 7.40 7.43 
7/1/2005 0 28.5 3.88 3.87 7.70 7.72 
7/3/2005 0 27.0 4.63 4.60 6.70 6.89 
7/4/2005 0 28.0 4.43 4.36 6.80 6.86 
7/5/2005 0 29.0 4.60 3.83 7.00 6.75 
7/6/2005 0 26.2 5.50 4.95 6.93 6.95 
7/7/2005 0 26.1 6.28 5.25 6.86 6.91 
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7/8/2005 0 28.5 8.07 5.98 7.85 7.50 
7/10/2005 0 27.9 4.77 3.43 6.82 6.66 
7/12/2005 0 28.2 4.82 3.90 6.80 6.70 
7/13/2005 0 28.6 5.85 4.60 6.90 6.82 
7/14/2005 0 28.9 5.27 3.89 7.06 6.79 
7/15/2005 0 29.4 4.43 3.33 6.83 6.67 
7/16/2005 0 29.4 5.40 3.82 7.43 7.06 
7/17/2005 0 30.2 4.78 3.22 7.50 7.11 
7/18/2005 0 31.0 4.65 2.87   
7/19/2005 0 30.4 4.60 2.84   
7/20/2005 0 29.8 4.83 3.54 7.40 7.20 
7/21/2005 0 29.8 4.65 3.20 7.26 7.16 
7/22/2005 1 29.5 6.71 4.85   
7/23/2005 0 29.7 5.19 3.57   
7/24/2005 0 30.3 4.96 3.35 7.43 7.17 
7/25/2005 0 30.8 4.25 3.45 7.56 7.26 
7/26/2005 0 31.6 3.83 3.36 7.20 7.00 
7/27/2005 2 31.8 3.86 3.63 7.22 6.99 
7/29/2005 1 26.6 3.79 3.43 6.78 6.70 
7/31/2005 1 27.0 4.36 3.76 6.88 6.78 
8/1/2005 0 27.9 5.02 4.36 7.00 6.86 
8/2/2005 0 28.2 4.85 4.25 7.25 7.07 
8/5/2005 3 28.8 5.38 7.13   
8/7/2005 0 25.0 5.75 5.55 6.79 6.60 
8/8/2005 0 25.2 6.03 5.96 7.20 7.18 
8/9/2005 0 27.5 5.51 5.49   
8/10/2005 0 28.1 6.53 5.90 8.08 7.95 
8/11/2005 0 29.2 5.58 5.60 8.20 8.11 
8/12/2005 0 29.5 5.52 5.44 7.49 7.34 
8/13/2005 0 29.4 4.74 4.82 7.11 7.05 
8/14/2005 0 29.5 2.99 3.15 7.04 6.97 
8/15/2005 0 29.9 5.15 4.98 7.16 7.05 
8/16/2005 0 29.5 5.53 4.40 7.02 6.85 
8/17/2005 0 28.8 5.50 4.35 7.10 7.01 
8/18/2005 0 28.1 5.91 5.54   
8/19/2005 0 28.8 4.19 3.87   
8/20/2005 0 30.3 6.93 5.64 7.14 7.04 
8/21/2005 0 29.4 5.15 3.94 7.77 7.07 
8/22/2005 0 29.1 5.20 2.84 6.90 6.76 
8/23/2005 0 28.2 6.12 4.30 7.23 7.19 
8/24/2005 0 27.2 5.36 5.02 7.06 6.99 
8/25/2005 0 26.9 4.51 3.74 6.97 6.85 
8/26/2005 0 26.6 5.26 3.83 7.03 6.93 
8/27/2005 0 27.9 4.99 3.88 6.95 6.88 
8/28/2005 0 28.5 5.15 4.11 6.88 6.80 
8/29/2005 0 27.7 5.35 4.47 7.02 6.84 
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8/30/2005 0 26.3 5.81 4.74 6.80 6.68 
8/31/2005 0 26.8 5.20 3.84 6.95 6.97 
9/1/2005 0 26.8 4.24 3.54 6.82 6.95 
9/2/2005 0 27.4 5.15 3.82 6.99 7.01 
9/3/2005 0 26.3 5.07 4.15 6.89 7.00 
9/4/2005 0 25.9 4.93 4.04 7.12 7.17 
9/5/2005 0 23.9 5.98 5.12 7.28 7.37 
9/6/2005 0 23.0 5.57 4.91 6.75 6.85 
9/7/2005 0 22.8 5.63 4.73 6.46 6.48 
9/8/2005 0 23.8 4.87 4.14   
9/9/2005 0 23.7 5.24 4.64   
9/10/2005 0 24.5 5.68 4.87 6.68 6.70 
9/11/2005 0 23.7 5.12 4.10 6.87 7.10 
9/12/2005 0 24.6 4.90 3.72 6.70 6.71 
9/13/2005 0 25.7 4.55 3.75 6.81 6.79 
9/14/2005 0 26.0 4.71 3.37 6.80 6.80 
9/15/2005 0 27.0 4.36 3.14   
9/16/2005 0 26.6 4.41 3.17 6.84 6.82 
9/17/2005 0 25.9 4.71 3.74 6.89 6.95 
9/18/2005 0 25.1 4.54 3.40 6.75 6.62 
9/19/2005 0 25.7 4.49 3.53 6.75 6.73 
9/20/2005 0 26.2 4.26 2.80 6.76 6.71 
9/21/2005 0 26.3 4.04 2.69 7.34 7.12 
9/22/2005 0 26.0 2.92 3.24 6.44 6.52 
9/23/2005 0 26.0 4.37 3.74 6.88 6.85 
9/24/2005 0 26.1 4.55 3.66 6.86 6.86 
9/25/2005 0 25.5 4.21 3.20 6.89 6.80 
9/26/2005 0 24.4 5.21 4.42 6.93 6.72 
9/27/2005 0 24.3 4.80 4.05 6.86 6.85 
9/28/2005 2 24.1 5.05 4.40 6.89 6.86 
9/29/2005 0 23.0 4.57 2.96 7.55 7.00 
9/30/2005 0 21.9 4.46 1.85 7.40 7.15 
10/1/2005 1 23.0 5.23 3.20 6.98 6.97 
10/2/2005 0 23.0 6.35 5.15   
10/3/2005 2 22.7 6.37 5.20 6.98 6.87 
10/4/2005 1 22.6 6.65 5.03   
10/6/2005 1 22.1 5.61 4.36 6.91 7.00 
10/7/2005 3 22.8 5.48 4.08   
10/8/2005 3 23.7 6.45 5.81   
10/9/2005 0 22.7 6.54 5.18   
10/10/2005 3 22.1 7.17 5.96   
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Date 
TAN System 
(mg/L) 
TAN Cohort 
(mg/L) 
6/27/2005 0.4 1.0 
7/1/2005 0.3 1.0 
7/8/2005 0.3 0.9 
7/14/2005 0.8 1.3 
7/18/2005 0.7 1.3 
8/10/2005 0.5 1.0 
8/25/2005 0.2 0.3 
9/1/2005 0.3 0.5 
9/14/2005 0.4 0.7 
9/29/2005 2.5 2.8 
10/4/2005 2.2 2.2 
 
Date Nitrites 
(mg/L) 
9/1/2005 0 
9/14/2005 0 
10/14/2005 0.18 
 
Date Secchi Depth 
(cm) 
9/5/2005 13 
9/6/2005 15 
9/7/2005 15 
9/8/2005 15 
9/9/2005 15 
9/10/2005 15 
9/11/2005 15 
9/12/2005 15 
9/13/2005 15 
9/14/2005 15 
9/15/2005 15 
9/16/2005 15 
9/17/2005 15 
9/18/2005 15 
9/19/2005 15 
9/20/2005 15 
9/21/2005 15 
9/22/2005 15 
9/23/2005 15 
9/24/2005 15 
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9/25/2005 13 
9/26/2005 13 
9/27/2005 13 
9/28/2005 13 
9/29/2005 13 
9/30/2005 13 
10/1/2005 13 
10/2/2005 13 
10/3/2005 12 
10/4/2005 12 
10/5/2005 12 
10/6/2005 12 
10/7/2005 12 
10/8/2005 12 
10/9/2005 12 
10/10/2005 12 
10/11/2005 12 
10/12/2005 12 
 
2005 - Cohort 4 
Date Mortality 
(# Fish) 
Temperature 
(C) 
DO System
(mg/L) 
DO Cohort 
(mg/L) 
pH System pH Cohort 
6/24/2005 24 27.6 4.55 5.31 8.20 7.99 
6/26/2005 3 26.0 3.73 3.82 7.61 7.51 
6/27/2005 1 27.4 3.99 4.76 7.53 7.57 
6/28/2005 1 27.7 4.62 4.50 7.50 7.50 
6/29/2005 3 28.7 5.53 5.58 7.61 7.49 
6/30/2005 0 29.2 3.64 3.81 7.24 7.31 
7/1/2005 3 28.5 3.98 3.96 7.62 7.72 
7/3/2005 0 27.0 4.76 4.76 6.79 6.86 
7/4/2005 0 28.0 4.76 4.76 6.89 6.88 
7/5/2005 0 29.0 4.36 4.00 6.97 6.88 
7/6/2005 0 26.1 5.51 5.12 6.94 6.80 
7/7/2005 0 26.1 6.17 5.45 6.83 6.84 
7/8/2005 0 28.5 8.13 6.18 8.07 7.63 
7/10/2005 0 27.9 4.74 3.60 6.86 6.72 
7/12/2005 0 28.2 4.68 3.77 6.85 6.69 
7/13/2005 0 28.6 5.75 4.37 7.00 6.85 
7/14/2005 0 28.8 5.23 3.67 7.10 6.84 
7/15/2005 0 29.4 4.43 3.07 6.90 6.74 
7/16/2005 0 29.4 5.36 3.05 7.46 7.07 
7/17/2005 0 30.2 4.72 2.63 7.56 7.06 
7/18/2005 0 31.0 4.63 2.12   
7/19/2005 0 30.4 4.58 2.33   
 
 
183 
 
 
 
 
 
 
 
 
7/20/2005 0 29.8 4.75 2.65 7.39 7.11 
7/21/2005 0 29.9 4.65 2.62 7.25 7.10 
7/22/2005 0 29.5 6.94 4.18   
7/23/2005 0 29.7 5.18 2.69   
7/24/2005 0 30.3 5.00 2.40 7.44 7.14 
7/25/2005 0 30.8 3.85 3.11 7.46 7.26 
7/26/2005 0 31.6 3.57 3.02 7.22 7.00 
7/27/2005 0 31.8 3.83 2.97 7.23 6.93 
7/29/2005 0 26.6 3.44 3.03 6.75 6.67 
7/31/2005 0 27.0 4.03 3.50 6.88 6.79 
8/1/2005 0 27.9 4.81 3.97 7.00 6.83 
8/2/2005 0 28.2 4.78 4.18 7.26 7.09 
8/5/2005 0 29.2 4.41 4.20   
8/6/2005 1 27.1  7.60   
8/7/2005 0 24.9 5.87 6.13   
8/8/2005 0 25.2 6.06 5.86 8.48 8.26 
8/9/2005 0 27.5 5.88 5.62 8.65 8.60 
8/10/2005 0 28.1 6.59 6.40   
8/11/2005 0 29.3 5.40 5.15 8.54 8.53 
8/12/2005 0 29.6 5.29 4.89 8.18 8.09 
8/13/2005 0 29.4 5.36 4.59 7.51 7.24 
8/14/2005 0 29.4 5.29 4.45 7.56 7.24 
8/15/2005 0 30.3 5.45 4.78 7.49 7.21 
8/16/2005 0 29.7 5.72 4.36 7.41 7.21 
8/17/2005 0 28.9 5.45 3.44 7.08 6.83 
8/18/2005 0 28.4 6.58 4.54 7.17 6.96 
8/19/2005 0 28.7 3.87 1.70   
8/20/2005 0 30.4 7.63 5.62   
8/21/2005 0 29.1 6.13 2.44 7.17 6.89 
8/22/2005 0 29.1 4.29 2.52  6.93 
8/23/2005 0 28.1 5.21 3.98 7.08 6.95 
8/24/2005 0 27.1 5.50 4.02 6.99 6.92 
8/25/2005 0 26.8 5.29 3.54 6.94 6.81 
8/26/2005 0 26.7 4.99 4.05 7.91 7.57 
8/27/2005 0 27.8 4.71 3.82 8.55 8.31 
8/28/2005 0 28.2 4.44 3.60 8.48 8.28 
8/29/2005 0 27.8 5.43 3.47 7.20 6.87 
8/30/2005 0 26.6 5.10 4.41 7.38 7.23 
8/31/2005 0 26.7 4.83 3.89 6.91 6.70 
9/1/2005 0 26.8 4.20 3.53 6.99 6.79 
9/2/2005 0 27.4 5.40 4.71 6.93 6.89 
9/3/2005 0 26.3 4.75 4.27 6.93 6.91 
9/4/2005 0 25.8 4.58 4.24 6.91 6.86 
9/5/2005 0 23.8 6.65 6.09 8.14 8.04 
9/6/2005 0 23.1 6.05 5.18 7.98 7.74 
9/7/2005 0 23.6 4.05 3.66 7.52 7.32 
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9/8/2005 0 24.2 4.40 3.77 7.15 6.88 
9/9/2005 0 24.3 4.31 3.95   
9/10/2005 0 24.9 4.85 4.35   
9/11/2005 0 24.0 3.79 3.23 6.68 6.60 
9/12/2005 0 25.0 3.57 3.16 6.67 6.72 
9/13/2005 0 26.0 2.87 2.48 6.67 6.67 
9/14/2005 0 26.3 4.25 3.30 6.95 6.97 
9/15/2005 0 27.2 3.80 3.01 6.78 6.83 
9/16/2005 0 26.8 3.72 2.98   
9/17/2005 0 26.1 3.89 3.51 6.90 6.89 
9/18/2005 0 25.4 3.73 3.17 6.96 6.88 
9/19/2005 1 26.0 3.78 3.36 6.79 6.74 
9/20/2005 0 26.4 3.23 2.86 6.75 6.74 
9/21/2005 0 26.5 3.07 2.55 6.90 6.95 
9/22/2005 0 26.0 1.67 2.20 6.80 6.80 
9/23/2005 0 26.4 2.88 2.18 6.47 6.59 
9/24/2005 0 26.3 3.75 3.00 6.89 6.79 
9/25/2005 0 25.6 3.62 2.83 6.96 6.97 
9/26/2005 0 24.4 4.66 4.07 6.91 6.87 
9/27/2005 0 24.3 4.29 3.71 6.85 6.87 
9/28/2005 0 24.1 3.83 3.30 6.90 6.82 
9/29/2005 0 23.0 4.07 3.15 6.92 6.87 
9/30/2005 0 21.9 3.60 3.30 6.92 7.18 
10/1/2005 0 23.0 7.48 5.29 7.10 7.12 
10/2/2005 0 22.7 5.30 6.02 6.75 6.73 
10/3/2005 0 22.6 5.15 6.00   
10/4/2005 6 22.6 5.43 6.09 6.96 6.97 
10/6/2005 2 22.1 5.15 4.56 6.89 6.86 
10/7/2005 4 22.8 5.77 4.87   
10/8/2005 0 23.8 5.18 5.79   
10/9/2005 0 22.7 5.57 6.03   
10/10/2005 4 22.3 7.63 7.04   
 
Date TAN System 
(mg/L) 
TAN Cohort 
(mg/L) 
6/27/2005 0.4 0.9
7/1/2005 0.3 0.9
7/8/2005 0.3 1
7/14/2005 0.8 1.4
7/18/2005 0.7 1.5
8/10/2005 0.2 0.4
8/25/2005 0.1 0.2
9/1/2005 0.4 0.5
9/14/2005 0.2 0.6
9/29/2005 3 3
10/4/2005 1.3 1.5
 
 
185 
 
 
 
 
 
 
 
 
Date Nitrites 
(mg/L) 
9/1/2005 0 
9/14/2005 0 
10/14/2005 0.15 
 
Date Secchi Depth 
(cm) 
9/5/2005 10 
9/6/2005 12 
9/7/2005 12 
9/8/2005 12 
9/9/2005 12 
9/10/2005 12 
9/11/2005 12 
9/12/2005 12 
9/13/2005 12 
9/14/2005 12 
9/15/2005 15 
9/16/2005 15 
9/17/2005 15 
9/18/2005 15 
9/19/2005 13 
9/20/2005 13 
9/21/2005 12 
9/22/2005 12 
9/23/2005 12 
9/24/2005 12 
9/25/2005 10 
9/26/2005 10 
9/27/2005 10 
9/28/2005 10 
9/29/2005 8 
9/30/2005 8 
10/1/2005 8 
10/2/2005 8 
10/3/2005 7 
10/4/2005 7 
10/5/2005 7 
10/6/2005 7 
10/7/2005 7 
10/8/2005 7 
10/9/2005 7 
10/10/2005 7 
10/11/2005 7 
10/12/2005 7 
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2005 - Cohort 5 
Date Mortality 
(# Fish) 
Temperature 
(C) 
DO System
(mg/L) 
DO Cohort 
(mg/L) 
pH System pH Cohort 
6/25/2005 6 27.6 6.03 5.25 8.35 8.09 
6/27/2005 2 26.0 4.55 4.21 7.61 7.49 
6/28/2005 0 27.3 4.74 4.58 7.41 7.42 
6/29/2005 0 27.7 4.70 4.58 7.45 7.39 
6/30/2005 1 28.7 5.76 5.43 7.62 7.40 
7/1/2005 0 29.2 3.63 3.60 7.27 7.21 
7/2/2005 5 28.5 4.11 4.10 7.61 7.43 
7/4/2005 0 27.0 4.73 4.66 6.88 6.97 
7/5/2005 0 28.0 4.57 4.51 6.92 6.75 
7/6/2005 0 29.0 4.30 3.95 7.13 6.92 
7/7/2005 0 26.1 5.42 5.04 6.93 6.87 
7/8/2005 0 26.2 6.16 5.30 6.93 6.79 
7/9/2005 0 28.6 8.32 6.40 8.20 7.98 
7/11/2005 0 27.9 4.52 3.68 7.00 6.79 
7/13/2005 0 28.2 4.51 4.02 6.95 6.86 
7/14/2005 0 28.6 5.44 5.02 7.02 6.86 
7/15/2005 0 28.8 4.97 4.25 7.17 6.92 
7/16/2005 0 29.4 4.32 3.53 6.94 6.88 
7/17/2005 0 29.4 5.32 4.09 7.53 7.15 
7/18/2005 0 30.2 4.55 3.72 7.60 7.20 
7/19/2005 0 31.0 4.47 3.60   
7/20/2005 0 30.4 4.30 3.33   
7/21/2005 0 29.8 4.61 3.24 7.39 7.13 
7/22/2005 0 29.9 4.40 2.82 7.22 7.06 
7/23/2005 0 29.6 6.73 4.82   
7/24/2005 0 29.7 5.09 3.18   
7/25/2005 0 30.3 4.90 2.88 7.44 7.12 
7/26/2005 0 30.8 4.02 2.47 7.45 7.18 
7/27/2005 0 31.6 3.75 2.27 7.22 6.92 
7/28/2005 0 31.8 3.83 2.41 7.25 6.92 
7/30/2005 0 26.6 3.48 2.59 6.74 6.64 
8/1/2005 0 27.0 3.95 3.02 6.88 6.76 
8/2/2005 0 27.9 4.80 3.23 7.02 6.80 
8/3/2005 0 28.2 4.75 3.05 7.26 6.98 
8/6/2005 0 28.8 4.95 7.33   
8/7/2005 0 27.0 5.75 6.06   
8/8/2005 0 24.9 5.43 5.92   
8/9/2005 0 25.2 5.24 5.48 6.81 6.77 
8/10/2005 0 27.5 6.71 6.74 7.31 7.39 
8/11/2005 0 28.1 5.30 5.42   
8/12/2005 0 29.2 5.62 5.57 8.20 8.16 
8/13/2005 0 29.5 4.28 4.55 8.32 8.32 
 
 
187 
 
 
 
 
 
 
 
 
8/14/2005 0 29.4 2.69 2.33 7.73 7.59 
8/15/2005 0 29.5 5.01 4.92 7.16 7.07 
8/16/2005 0 29.9 5.21 5.00 7.20 7.14 
8/17/2005 0 29.5 5.01 4.67 7.41 7.31 
8/18/2005 0 28.8 6.02 5.41 7.09 7.02 
8/19/2005 0 28.1 4.64 4.16 7.42 7.27 
8/20/2005 0 29.0 7.34 6.97   
8/21/2005 0 30.3 3.83 2.93   
8/22/2005 0 29.3 2.84 5.90 7.70 6.88 
8/23/2005 0 29.1 6.08 4.98 7.77 7.33 
8/24/2005 0 28.2 5.46 5.01 7.37 7.02 
8/25/2005 0 27.2 4.59 4.10 7.39 7.29 
8/26/2005 0 26.9 5.36 4.18 7.41 7.24 
8/27/2005 0 26.7 5.27 4.23 7.46 7.02 
8/28/2005 0 28.0 5.01 4.45 7.54 7.13 
8/29/2005 0 28.5 5.33 5.20 7.16 7.03 
8/30/2005 0 27.7 5.80 5.65 7.00 6.82 
8/31/2005 0 26.3 4.90 4.40 7.05 6.93 
9/1/2005 0 26.8 3.89 3.13 6.85 6.78 
9/2/2005 0 26.9 5.15 4.24 6.92 6.85 
9/3/2005 0 27.4 5.22 4.32 6.87 6.80 
9/4/2005 0 26.3 4.98 4.18 6.98 6.95 
9/5/2005 0 26.0 6.16 5.34 6.91 6.77 
9/6/2005 0 23.9 5.60 4.71 7.08 7.05 
9/7/2005 0 23.1 5.20 4.70 7.00 7.06 
9/8/2005 0 22.7 4.68 3.96 6.68 6.67 
9/9/2005 0 23.9 5.40 4.77 6.48 6.46 
9/10/2005 0 23.8 5.90 5.07   
9/11/2005 0 24.6 5.00 4.12   
9/12/2005 0 23.7 4.72 3.79 6.58 6.55 
9/13/2005 0 24.6 4.14 3.45 6.64 6.65 
9/14/2005 0 25.7 4.51 3.72 6.57 6.57 
9/15/2005 0 26.1 4.14 3.16 6.81 6.81 
9/16/2005 0 27.0 4.43 3.27 6.73 6.68 
9/17/2005 0 26.6 4.87 3.67   
9/18/2005 0 25.9 4.27 3.52 6.82 6.77 
9/19/2005 0 25.1 4.49 3.52 6.86 6.84 
9/20/2005 0 25.8 3.99 3.00 6.77 6.66 
9/21/2005 0 26.2 3.78 2.77 6.75 6.76 
9/22/2005 0 26.3 2.92 3.15 6.74 6.70 
9/23/2005 0 26.0 3.46 2.95 7.34 7.12 
9/24/2005 0 26.0 4.00 3.37 6.43 6.38 
9/25/2005 0 26.1 3.67 2.93 6.82 6.77 
9/26/2005 0 25.5 5.18 4.48 6.83 6.80 
9/27/2005 0 24.4 4.50 3.73 6.85 6.79 
9/28/2005 0 24.3 4.48 3.81 6.79 6.73 
 
 
188 
 
 
 
 
 
 
 
 
9/29/2005 2 24.1 4.93 4.02 6.91 6.78 
9/30/2005 0 22.9 4.16 1.85 6.87 6.80 
10/1/2005 0 21.9 5.01 3.20 6.96 7.00 
10/2/2005 1 23.0 5.10 5.60 6.90 7.15 
10/3/2005 1 23.0 4.98 5.53   
10/4/2005 1 22.7 5.53 6.00   
10/6/2005 6 22.6 5.07 4.11   
10/7/2005 3 22.1 5.52 4.40   
10/8/2005 6 22.8 5.25 5.82   
 
Date TAN System 
(mg/L) 
TAN Cohort 
(mg/L) 
6/27/2005 0.4 1 
7/2/2005 0.4 1.1 
7/8/2005 0.3 0.9 
7/14/2005 0.8 1.3 
7/18/2005 0.7 1.2 
7/25/2005 0.5 1.2 
8/10/2005 0.4 0.3 
8/25/2005 0.1 0.2 
9/1/2005 0.3 0.5 
9/14/2005 0.4 0.4 
9/29/2005 2.5 2.8 
10/4/2005 2.2 2.2 
 
Date Nitrites 
(mg/L) 
9/1/2005 0 
9/14/2005 0 
10/14/2005 0.18 
 
Date Secchi Depth 
(cm) 
9/5/2005 13 
9/6/2005 15 
9/7/2005 15 
9/8/2005 15 
9/9/2005 15 
9/10/2005 15 
9/11/2005 15 
9/12/2005 15 
9/13/2005 15 
9/14/2005 15 
9/15/2005 15 
9/16/2005 15 
9/17/2005 15 
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9/18/2005 15 
9/19/2005 15 
9/20/2005 15 
9/21/2005 15 
9/22/2005 15 
9/23/2005 15 
9/24/2005 15 
9/25/2005 13 
9/26/2005 13 
9/27/2005 13 
9/28/2005 13 
9/29/2005 13 
9/30/2005 13 
10/1/2005 13 
10/2/2005 13 
10/3/2005 12 
10/4/2005 12 
10/5/2005 12 
10/6/2005 12 
10/7/2005 12 
10/8/2005 12 
10/9/2005 12 
10/10/2005 12 
10/11/2005 12 
10/12/2005 12 
 
2005 - Cohort 6 
Date Mortality 
(# Fish) 
Temperature 
(C) 
DO System
(mg/L) 
DO Cohort 
(mg/L) 
pH System pH Cohort 
6/25/2005 0 27.6 6.26 4.48 8.35 8.12 
6/27/2005 0 26.0 4.73 3.13 7.50 7.36 
6/28/2005 0 27.3 4.69 3.04 7.28 7.28 
6/29/2005 0 27.7 4.96 3.37 7.45 7.32 
6/30/2005 0 28.7 5.95 3.82 7.44 7.37 
7/1/2005 0 29.2 3.61 2.32 7.40 7.31 
7/2/2005 0 28.5 2.70 3.30 7.20 7.33 
7/4/2005 0 27.0 3.28 3.55 6.85 6.98 
7/5/2005 1 28.0 3.34 3.40 6.88 6.79 
7/6/2005 0 29.0 4.17 2.50 7.04 6.78 
7/7/2005 0 26.2 5.30 3.55 6.94 6.86 
7/8/2005 0 26.1 6.12 3.90 6.89 6.75 
7/9/2005 0 28.5 8.50 4.45 8.25 8.02 
7/11/2005 0 27.9 4.15 1.91 7.00 6.87 
7/13/2005 0 28.2 4.26 2.83 7.01 6.89 
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7/14/2005 0 28.6 5.01 3.16 7.07 7.08 
7/15/2005 0 28.8 4.55 3.08 7.19 7.05 
7/16/2005 0 29.4 4.15 2.04 6.93 6.75 
7/17/2005 0 29.5 4.95 2.79 7.58 7.09 
7/18/2005 0 30.2 4.38 2.14 7.62 7.13 
7/19/2005 0 31.0 4.08 2.13   
7/20/2005 0 30.4 3.93 1.98   
7/21/2005 0 29.8 4.21 2.08 7.34 7.06 
7/22/2005 0 29.8 4.01 2.57 7.16 6.99 
7/23/2005 0 29.5 6.71 3.83   
7/24/2005 0 29.7 4.94 3.01   
7/25/2005 0 30.3 4.81 2.60 7.44 7.00 
7/26/2005 0 30.8 3.75 2.55 7.33 7.12 
7/27/2005 0 31.6 3.60 2.38 7.20 6.82 
7/28/2005 0 31.7 3.60 2.30 7.22 6.83 
7/30/2005 0 26.6 3.29 2.80 6.73 6.63 
8/1/2005 0 27.0 3.69 3.07 6.86 6.79 
8/2/2005 0 27.9 4.84 3.04 6.98 6.81 
8/3/2005 0 28.2 4.61 2.86 7.23 6.92 
8/6/2005 0 29.1 4.41 3.58   
8/7/2005 0 27.5 5.82 4.76   
8/8/2005 0 25.3 4.30 4.55   
8/9/2005 0 25.6 4.44 4.65 6.84 6.80 
8/10/2005 0 27.8 4.75 4.27 6.89 6.77 
8/11/2005 0 28.3 5.52 4.66   
8/12/2005 0 29.5 5.23 4.17 7.31 6.78 
8/13/2005 0 29.8 4.74 3.92 7.64 6.90 
8/14/2005 0 29.7 3.62 3.30 7.09 6.75 
8/15/2005 0 29.7 3.32 3.04 7.09 6.87 
8/16/2005 0 30.3 3.29 2.95 6.92 6.68 
8/17/2005 0 29.8 3.13 2.85 7.04 6.82 
8/18/2005 0 29.1 2.89 2.81 6.80 6.60 
8/19/2005 0 28.4 3.55 3.39 6.90 6.77 
8/20/2005 0 29.1 3.56 2.48   
8/21/2005 0 30.6 4.63 3.36   
8/22/2005 0 29.4 2.90 2.39 6.84 6.89 
8/23/2005 0 29.1 2.60 2.62 7.00 6.83 
8/24/2005 0 28.6 3.25 2.98 6.84 6.82 
8/25/2005 0 27.5 3.81 3.48 6.96 6.86 
8/26/2005 0 27.2 3.71 3.29 6.80 6.67 
8/27/2005 0 26.9 4.02 4.00 6.85 6.78 
8/28/2005 0 28.2 4.26 3.93 6.94 6.81 
8/29/2005 0 28.8 3.90 3.85 6.95 6.80 
8/30/2005 0 27.8 3.83 4.18 6.85 6.74 
8/31/2005 0 26.4 5.46 5.09 7.02 6.94 
9/1/2005 0 27.0 4.87 4.65 7.36 7.09 
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9/2/2005 0 27.0 4.66 4.58 7.73 7.36 
9/3/2005 0 27.5 5.61 5.19 7.66 7.42 
9/4/2005 0 26.4 5.90 5.43 8.05 7.85 
9/5/2005 0 26.2 6.04 5.45 8.00 7.78 
9/6/2005 0 24.4 6.50 5.90 8.62 8.36 
9/7/2005 0 23.5 6.13 5.62 8.43 8.14 
9/8/2005 0 23.7 5.64 5.32 8.08 7.93 
9/9/2005 0 24.2 5.35 5.01 7.96 7.69 
9/10/2005 0 24.0 5.72 7.96   
9/11/2005 0 24.6 5.99 5.46   
9/12/2005 0 23.6 5.58 5.13 7.91 7.12 
9/13/2005 0 24.5 5.40 5.05 6.95 6.88 
9/14/2005 0 25.6 5.34 4.73 7.44 7.05 
9/15/2005 0 26.0 5.02 4.75 7.50 6.94 
9/16/2005 0 27.0 4.63 4.08 7.10 6.69 
9/17/2005 0 26.4 4.37 4.27 6.94 6.66 
9/18/2005 0 25.8 4.75 4.32 7.62 7.02 
9/19/2005 0 25.1 5.16 4.56 7.58 6.98 
9/20/2005 0 25.7 5.07 4.45 7.15 6.69 
9/21/2005 0 26.2 4.58 4.20 7.06 6.72 
9/22/2005 1 26.4 4.17 3.78 6.92 6.67 
9/23/2005 0 26.0 3.94 3.11 7.21 7.28 
9/24/2005 0 26.0 4.01 3.70 6.88 6.65 
9/25/2005 0 26.2 4.74 4.58 7.03 6.74 
9/26/2005 0 25.7 3.89 3.55 6.96 6.80 
9/27/2005 0 24.5 5.16 4.47 6.68 6.63 
9/28/2005 0 24.3 5.15 4.53 6.91 6.62 
9/29/2005 0 24.2 4.68 4.16 7.00 6.74 
9/30/2005 0 23.3 5.23 4.82 7.02 6.72 
10/1/2005 0 22.3 4.89 5.42 6.99 7.25 
10/2/2005 0 23.1 4.18 5.41 7.50 7.48 
10/3/2005 0 23.3 5.84 5.13 7.14 6.92 
10/4/2005 0 23.2 5.78 5.03   
10/5/2005 0 23.3 5.61 4.77 7.22 6.91 
10/7/2005 0 22.4 5.20 4.91 6.95 6.76 
10/8/2005 0 23.0 5.62 4.91   
10/9/2005 0 24.2 5.14 4.60   
 
Date TAN System 
(mg/L) 
TAN Cohort 
(mg/L) 
6/27/2005 0.3 0.6 
7/1/2005 0.4 0.6 
7/8/2005 0.3 1.0 
7/14/2005 0.8 1.5 
7/18/2005 0.7 1.4 
7/25/2005 0.5 1.2 
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8/10/2005 0.4 0.8 
8/25/2005 1.6 1.8 
9/1/2005 0.4 0.4 
9/14/2005 0.6 0.9 
9/29/2005 0.4 0.5 
10/4/2005 0.3 0.6 
 
Date Nitrites 
(mg/L) 
9/1/2005 0 
9/14/2005 0 
10/14/2005 0 
 
Date Secchi Depth 
(cm) 
9/5/2005 15 
9/6/2005 15 
9/7/2005 15 
9/8/2005 15 
9/9/2005 15 
9/10/2005 15 
9/11/2005 15 
9/12/2005 15 
9/13/2005 15 
9/14/2005 15 
9/15/2005 13 
9/16/2005 13 
9/17/2005 13 
9/18/2005 13 
9/19/2005 15 
9/20/2005 15 
9/21/2005 15 
9/22/2005 15 
9/23/2005 15 
9/24/2005 15 
9/25/2005 15 
9/26/2005 18 
9/27/2005 18 
9/28/2005 18 
9/29/2005 18 
9/30/2005 18 
10/1/2005 18 
10/2/2005 18 
10/3/2005 20 
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10/4/2005 20 
10/5/2005 18 
10/6/2005 18 
10/7/2005 18 
10/8/2005 18 
10/9/2005 18 
10/10/2005 18 
10/11/2005 18 
10/12/2005 18 
 
2006 – Cohort 1 
Date Mortality 
(# Fish) 
Temperature 
(C) 
DO System
(mg/L) 
DO Cohort 
(mg/L) 
pH System pH Cohort 
6/1/2006 0 28.9 7.20 6.95 7.74 7.95 
6/2/2006 0 27.8 7.27 7.10 7.72 7.75 
6/3/2006 0 26.4 7.47 7.27 7.86 7.89 
6/4/2006 0 25.0 7.45 7.32 8.37 8.82 
6/5/2006 2 23.5 7.67 7.56 8.47 8.85 
6/6/2006 3 23.6 7.95 7.79 8.40 8.73 
6/7/2006 0 24.6 5.98 5.90 9.47 9.36 
6/8/2006 0 24.5 7.53 7.36 8.94 8.85 
6/9/2006 0 26.1 7.32 7.05 8.66 8.11 
6/10/2006 3 26.8 7.26 6.99 8.78 8.28 
6/11/2006 0 27.3 8.05 7.25 8.44 8.56 
6/12/2006 0 26.3 6.42 5.47 8.10 8.04 
6/13/2006 0 22.7 8.21 7.57 7.91 7.63 
6/14/2006 0 23.6 8.21 7.72 8.11 8.18 
6/15/2006 2 25.7 7.86 7.18 8.29 8.09 
6/16/2006 0 26.5 7.19 6.70 8.52 8.24 
6/17/2006 2 26.5 7.06 6.54 8.26 8.30 
6/18/2006 2 26.8 7.47 6.29 8.12 7.68 
6/19/2006 4 28.0 7.44 6.37 8.00 7.98 
6/20/2006 0 28.3 7.35 6.22 8.23 8.09 
6/21/2006 1 28.5 7.14 6.10 8.26 8.21 
6/22/2006 0 29.0 6.65 5.52 8.89 8.68 
6/23/2006 22 28.3 8.02 7.50 8.62 8.55 
6/24/2006 0 29.2 7.61 7.06 8.98 8.59 
6/25/2006 0 27.9 6.65 6.30 8.34 9.16 
6/26/2006 0 25.6 6.08 5.35 7.28 7.19 
6/27/2006 0 27.0 5.98 5.42 7.67 7.58 
6/28/2006 0 27.5 7.12 6.78 8.76 8.68 
6/29/2006 1 28.1 7.07 6.78 9.30 7.26 
6/30/2006 1 27.6 7.63 7.56 9.47 9.31 
7/1/2006 0 27.4 7.61 6.91 9.08 7.39 
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7/2/2006 0 28.0 9.17 6.51 9.45 7.43 
7/3/2006 0 28.8 6.91 6.40 9.21 7.47 
7/4/2006 0 29.7 6.56 5.83 9.23 7.60 
7/5/2006 0 27.9 6.77 6.13 8.60 8.19 
7/6/2006 0 26.3 8.41 7.68 8.39 8.14 
7/7/2006 0 25.8 8.02 7.35 8.71 8.11 
7/8/2006 0 26.4 7.84 7.08 8.66 7.95 
7/9/2006 0 27.1 6.70 6.20 8.20 7.82 
7/10/2006 0 27.9 7.36 6.77 8.11 7.67 
7/11/2006 0 28.8 7.27 5.28 8.40 7.76 
7/12/2006 0 29.8 6.64 4.84 8.80 8.44 
7/13/2006 0 29.1 5.96 4.36 8.23 7.81 
7/14/2006 0 29.4 6.16 4.73 8.72 8.40 
7/15/2006 0 29.7 6.02 4.56 9.04 8.62 
7/16/2006 0 28.5 6.07 4.57 8.93 8.59 
7/17/2006 0 28.5 6.10 4.46 9.09 8.74 
7/18/2006 0 29.3 5.37 4.84 8.93 8.3 
7/19/2006 0 29.1 6.48 4.64 8.94 8.54 
7/20/2006 0 29.0 6.39 4.87 9.23 9.02 
7/21/2006 0 28.9 5.59 4.05 8.69 7.44 
7/22/2006 0 28.4 6.50 6.02 8.19 7.33 
7/23/2006 0 28.4 6.52 4.84 8.78 8.13 
7/24/2006 0 28.0 6.15 4.82 8.79 8.22 
7/25/2006 0 28.7 6.08 4.77 9.11 8.55 
7/26/2006 0 29.2 6.27 4.52 9.16 8.65 
7/27/2006 0 30.0 5.82 3.99 9.08 7.72 
7/28/2006 1 29.4 5.50 3.74 9.02 8.48 
7/29/2006 0 27.6 6.65 4.54 8.50 8.15 
7/30/2006 0 29.7 6.06 4.12   
7/31/2006 0 30.6 5.43 3.36   
8/1/2006 0 31.1 5.35 3.65 7.98 7.57 
8/2/2006 0 30.0 5.12 3.62 7.72 7.52 
8/3/2006 0 30.2 6.12 5.71 7.80 7.76 
8/4/2006 2 30.4 4.98 4.54 7.91 7.88 
8/5/2006 0 29.5 5.26 4.74 7.88 7.87 
8/6/2006 0 30.1 5.02 4.45 7.70 7.65 
8/7/2006 0 30.8 4.85 4.12 8.07 8.00 
8/8/2006 0 29.9 5.11 4.48 8.16 8.08 
8/9/2006 0 30.6 4.90 4.33 8.61 8.51 
8/10/2006 0 29.9 5.80 5.38 8.50 8.60 
8/11/2006 0 28.0 5.09 4.60   
8/12/2006 0 24.6 6.50 5.86 7.50 7.30 
8/13/2006 0 27.2 5.40 4.91 8.75 8.55 
8/14/2006 0 28.2 5.22 4.79 8.79 8.68 
8/15/2006 0 27.6 6.19 5.74 8.39 8.07 
8/16/2006 0 28.0 5.73 5.34 8.52 8.39 
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8/17/2006 0 27.3 5.92 5.30 8.67 8.38 
8/18/2006 1 27.5 5.91 5.04 8.67 8.28 
8/19/2006 0 28.5 5.69 5.03 8.24 7.94 
8/20/2006 1 27.8 6.01 5.28 7.74 7.63 
8/21/2006 0 28.9 5.28 4.68 7.87 7.81 
8/22/2006 0 27.5 5.36 4.65 7.64 7.57 
8/23/2006 0 28.2 5.18 4.66 7.76 7.76 
8/24/2006 0 27.2 5.51 5.02 7.94 7.96 
8/25/2006 3 27.0 5.57 4.99 8.20 8.06 
8/26/2006 3 27.6 5.48 4.89 8.50 8.33 
8/27/2006 12 28.2 5.08 4.46 8.40 8.15 
8/28/2006 1 29.5 5.30 4.57 8.12 7.85 
8/29/2006 1 29.7 5.15 3.96 7.86 7.72 
8/30/2006 0 28.7 5.32 4.45 7.78 7.76 
8/31/2006 0 26.8 4.99 4.45 7.59 7.46 
9/1/2006 0 26.8 5.57 4.68 7.74 7.62 
9/2/2006 0 27.1 4.98 4.10 7.69 7.54 
9/3/2006 0 27.2 5.91 4.77 7.71 7.83 
9/4/2006 0 27.4 5.00 4.09 7.72 7.75 
9/5/2006 1 25.4 5.40 4.53 7.62 7.51 
9/6/2006 0 26.2 4.89 4.02 7.65 7.48 
9/7/2006 0 25.1 5.38 4.28 7.66 7.58 
9/8/2006 0 25.7 5.59 4.70 7.62 7.50 
9/9/2006 0 25.7 5.68 4.67 7.63 7.52 
9/10/2006 0 26.4 5.30 4.38 7.79 7.67 
9/11/2006 0 25.1 6.39 5.41 7.87 7.67 
9/12/2006 2 23.2 6.10 5.25 7.84 7.70 
9/13/2006 0 21.5 6.81 6.02 7.80 7.75 
9/14/2006 0 22.7 6.66 5.85 7.91 7.85 
9/15/2006 0 24.1 7.19 6.16 7.98 7.67 
9/16/2006 0 24.9 6.16 4.88 8.20 8.42 
9/17/2006 0 24.9 6.17 5.30 8.16 8.10 
9/18/2006 1 26.0 5.72 4.37 7.82 7.67 
9/19/2006 0 22.7 5.71 4.54 7.68 7.51 
9/20/2006 0 21.7 5.71 4.60 7.59 7.40 
9/21/2006 0 22.5 5.26 4.29 7.69 7.45 
9/22/2006 0 24.1 5.09 4.11 7.71 7.52 
9/23/2006 0 23.4 5.36 4.29 7.59 7.44 
9/24/2006 0 23.9 5.44 4.36 7.48 7.29 
9/25/2006 0 23.1 5.75 4.42 7.55 7.35 
9/26/2006 0 22.1 5.64 4.54 7.74 7.78 
9/27/2006 0 21.8 5.72 4.57 7.59 7.42 
9/28/2006 0 19.7 7.69 7.20 7.95 7.98 
9/29/2006 0 19.2 5.76 4.64 7.89 8.00 
9/30/2006 0 20.1 7.05 5.80 7.91 7.88 
10/1/2006 0 21.2 5.13 4.06 7.74 7.74 
 
 
196 
 
 
 
 
 
 
 
 
10/2/2006 0 21.6 5.29 3.92 7.72 7.74 
10/3/2006 0 22.9 4.91 3.73 7.67 7.74 
10/4/2006 0 23.2 4.79 3.64 7.55 7.45 
10/5/2006 0 24.3 4.49 3.24 7.50 7.35 
10/6/2006 0 19.9 5.08 4.00 7.49 7.37 
10/7/2006 0 19.8 4.88 4.11 7.51 7.46 
10/8/2006 0 18.6 5.55 4.73 7.56 7.45 
10/9/2006 0 19.7 5.80 4.49 7.53 7.44 
10/10/2006 1 21.2 4.80 3.57 7.52 7.41 
10/11/2006 1 20.8 6.11 4.70 7.45 7.26 
10/12/2006 3 18.3 6.10 5.11 7.51 7.40 
 
Date TAN System 
(mg/L) 
TAN Cohort 
(mg/L) 
6/22/2006 0.5 0.5 
6/29/2006 0.3 0.4 
7/6/2006 0.4 0.5 
7/13/2006 0.3 0.4 
7/20/2006 0.4 0.5 
7/27/2006 0.4 0.5 
8/3/2006 0.3 0.5 
8/12/2006 0.4 0.5 
8/19/2006 0.4 0.5 
8/26/2006 0.5 0.6 
9/4/2006 1 1.2 
9/11/2006 1.4 1.6 
9/19/2006 1 1.2 
9/28/2006 0.8 0.9 
10/5/2006 0.5 0.6 
10/13/2006 2 1.5 
 
2006 – Cohort 2 
Date Mortality 
(# Fish) 
Temperature 
(C) 
DO System
(mg/L) 
DO Cohort 
(mg/L) 
pH System pH Cohort 
6/1/2006 0 29.0 7.20 6.95 7.74 7.95 
6/2/2006 0 27.8 7.32 7.08 7.78 7.83 
6/3/2006 0 26.4 7.48 7.23 7.92 7.97 
6/4/2006 0 25.0 7.48 7.27 8.25 8.42 
6/5/2006 1 23.5 7.67 7.43 8.40 8.52 
6/6/2006 0 23.6 7.95 7.67 8.40 8.43 
6/7/2006 0 25.0 6.02 5.72 9.52 9.55 
6/8/2006 0 24.5 7.55 7.26 9.05 8.97 
6/9/2006 0 26.1 7.32 7.04 8.75 8.66 
6/10/2006 0 26.8 7.67 7.21 8.71 8.32 
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6/11/2006 0 27.3 8.08 7.25 8.51 8.57 
6/12/2006 0 26.3 6.58 5.78 8.14 8.06 
6/13/2006 0 22.6 8.22 7.48 7.91 7.78 
6/14/2006 0 23.4 8.32 7.88 8.13 8.02 
6/15/2006 0 25.7 7.81 7.47 8.32 8.26 
6/16/2006 0 26.5 7.22 6.89 8.53 8.42 
6/17/2006 0 26.4 7.13 6.66 8.25 8.16 
6/18/2006 0 26.7 7.53 6.98 8.12 8.18 
6/19/2006 0 28.0 7.55 6.82 8.03 8.03 
6/20/2006 0 28.2 7.39 6.55 8.11 8.05 
6/21/2006 0 28.5 7.15 6.30 8.28 8.25 
6/22/2006 5 29.0 6.70 5.70 8.87 8.76 
6/23/2006 0 28.3 8.09 7.54 8.60 8.49 
6/24/2006 0 29.2 7.85 7.30 8.97 8.88 
6/25/2006 0 27.9 7.13 6.58 8.23 8.36 
6/26/2006 0 25.6 6.06 5.80 7.24 7.26 
6/27/2006 0 27.0 6.00 5.71 7.67 7.55 
6/28/2006 0 27.5 7.11 6.83 8.73 8.63 
6/29/2006 3 28.1 7.16 6.76 9.29 9.08 
6/30/2006 0 27.6 7.53 6.97 9.42 9.24 
7/1/2006 0 27.4 7.72 7.09 9.44 8.86 
7/2/2006 0 28.0 7.13 6.58 9.48 9.29 
7/3/2006 0 28.8 6.87 6.49 9.28 8.71 
7/4/2006 0 29.7 6.82 6.35 9.25 9.05 
7/5/2006 0 28.0 6.73 6.52 8.60 8.46 
7/6/2006 0 26.2 8.60 8.14 8.38 8.23 
7/7/2006 0 25.8 8.00 7.74 8.68 8.51 
7/8/2006 0 26.4 7.83 7.40 8.52 8.43 
7/9/2006 0 27.1 6.83 6.41 8.30 8.02 
7/10/2006 0 27.9 7.36 7.05 8.14 8.01 
7/11/2006 0 28.8 7.36 5.16 8.45 8.29 
7/12/2006 0 29.8 6.85 4.90 8.83 8.64 
7/13/2006 0 29.1 6.09 4.23 8.22 8.11 
7/14/2006 0 29.4 6.13 4.62 8.72 8.59 
7/15/2006 0 29.7 6.08 4.40 9.08 8.92 
7/16/2006 0 28.5 6.28 4.36 9.17 8.99 
7/17/2006 0 28.5 6.24 4.24 9.14 8.97 
7/18/2006 0 29.3 5.46 4.47 8.93 8.77 
7/19/2006 0 29.1 6.38 4.44 8.98 8.90 
7/20/2006 0 29.0 6.34 4.58 9.25 9.16 
7/21/2006 0 28.9 5.45 3.50 8.72 8.54 
7/22/2006 0 28.4 5.30 5.43 8.35 8.17 
7/23/2006 1 28.4 6.40 4.39 8.80 8.50 
7/24/2006 0 28.1 6.07 4.18 8.86 8.28 
7/25/2006 0 28.8 5.98 4.35 9.14 8.60 
7/26/2006 0 29.3 6.21 3.96 9.17 8.98 
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7/27/2006 0 30.0 5.85 3.60 9.08 8.57 
7/28/2006 0 29.4 5.53 3.33 9.02 8.33 
7/29/2006 0 27.5 6.41 3.99 8.54 8.24 
7/30/2006 0 29.7 6.02 3.63   
7/31/2006 0 30.6 5.42 3.12   
8/1/2006 0 31.1 5.36 3.22 8.02 7.79 
8/2/2006 0 30.0 5.09 3.36 7.75 7.67 
8/3/2006 0 30.2 6.05 5.52 7.89 7.80 
8/4/2006 0 30.4 4.85 4.33 7.91 7.77 
8/5/2006 1 29.5 5.35 4.66 7.92 7.83 
8/6/2006 0 30.1 4.96 4.33 7.71 7.68 
8/7/2006 0 30.8 4.73 4.01 8.07 8.00 
8/8/2006 0 30.0 5.05 4.30 8.17 8.10 
8/9/2006 0 30.6 4.81 4.10 8.63 8.54 
8/10/2006 0 29.9 5.80 5.29 8.80 8.70 
8/11/2006 0 28.0 5.20 4.74   
8/12/2006 0 24.6 6.36 5.79 7.58 7.52 
8/13/2006 0 27.2 5.50 5.01 8.76 8.66 
8/14/2006 0 28.2 5.19 4.56 8.82 8.78 
8/15/2006 0 27.7 6.18 5.60 8.46 8.36 
8/16/2006 0 28.0 5.73 5.08 8.53 8.44 
8/17/2006 1 27.3 5.87 5.18 8.68 8.57 
8/18/2006 1 27.6 5.69 4.93 8.73 8.40 
8/19/2006 0 28.5 5.54 4.65 8.30 8.08 
8/20/2006 0 27.8 5.88 4.93 7.78 7.78 
8/21/2006 0 28.9 5.09 4.32 7.90 7.84 
8/22/2006 0 27.5 5.34 4.31 7.65 7.64 
8/23/2006 0 28.2 5.01 4.38 7.77 7.81 
8/24/2006 0 27.2 5.49 4.72 7.96 7.94 
8/25/2006 0 27.0 5.41 4.76 8.23 8.18 
8/26/2006 1 27.6 5.30 4.55 8.52 8.37 
8/27/2006 2 28.2 4.95 4.15 8.42 8.31 
8/28/2006 0 29.5 5.18 4.33 8.14 8.02 
8/29/2006 2 29.7 4.82 4.19 7.87 7.85 
8/30/2006 0 28.7 5.07 4.14 7.79 7.82 
8/31/2006 0 26.8 5.22 4.51 7.66 7.62 
9/1/2006 0 26.8 5.38 4.67 7.79 7.66 
9/2/2006 0 27.1 4.96 4.22 7.74 7.66 
9/3/2006 0 27.2 5.72 4.84 7.71 7.66 
9/4/2006 0 27.4 5.04 4.40 7.70 7.73 
9/5/2006 0 25.4 5.30 4.64 7.66 7.76 
9/6/2006 1 26.2 4.79 4.07 7.71 7.67 
9/7/2006 0 25.1 5.23 4.51 7.67 7.71 
9/8/2006 0 25.7 5.29 4.72 7.65 7.66 
9/9/2006 0 25.7 5.39 4.78 7.70 7.72 
9/10/2006 0 26.4 5.09 4.58 7.78 7.67 
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9/11/2006 0 25.1 6.16 5.52 7.96 7.96 
9/13/2006 0 21.5 6.58 6.07 7.83 7.83 
9/15/2006 0 24.1 7.21 6.37 8.08 7.97 
9/16/2006 0 24.9 6.01 5.19 8.17 8.11 
9/17/2006 2 24.9 6.23 5.71 8.27 8.18 
9/18/2006 6 26.0 5.34 4.62 7.88 7.83 
9/19/2006 2 22.7 5.36 4.55 7.74 7.71 
9/20/2006 1 21.7 5.21 4.55 7.69 7.62 
9/21/2006 0 22.5 5.01 4.40 7.80 7.73 
9/24/2006 0 23.9 4.90 4.38 7.54 7.50 
9/25/2006 0 23.1 4.94 4.47 7.63 7.59 
9/26/2006 0 22.1 5.01 4.59 7.72 7.75 
9/27/2006 0 21.8 5.16 4.55 7.66 7.64 
9/28/2006 0 19.8 7.98 7.41 8.01 8.04 
9/29/2006 0 19.2 5.27 4.80 7.87 7.90 
9/30/2006 0 20.2 6.93 6.25 7.94 7.91 
10/1/2006 0 21.2 4.98 4.31 7.75 7.74 
10/2/2006 0 21.6 4.72 4.08 7.72 7.73 
10/3/2006 0 22.9 4.81 3.98 7.69 7.66 
10/4/2006 0 23.2 4.83 3.92 7.61 7.61 
10/5/2006 0 24.2 4.50 3.63 7.54 7.51 
10/6/2006 0 19.9 5.09 4.33 7.57 7.54 
10/7/2006 0 19.8 4.82 4.13 7.57 7.56 
10/8/2006 0 18.5 5.42 4.79 7.62 7.62 
10/9/2006 0 19.6 5.48 4.75 7.61 7.64 
10/10/2006 0 21.2 4.58 3.88 7.55 7.53 
10/11/2006 0 20.8 5.98 5.07 7.57 7.54 
10/12/2006 0 18.3 6.01 5.33 7.61 7.53 
 
Date TAN System 
(mg/L) 
TAN Cohort 
(mg/L) 
6/22/2006 0.5 0.6 
6/29/2006 0.3 0.5 
7/6/2006 0.4 0.4 
7/13/2006 0.3 0.4 
7/20/2006 0.4 0.5 
7/27/2006 0.4 0.5 
8/3/2006 0.3 0.5 
8/12/2006 0.4 0.5 
8/19/2006 0.4 0.5 
8/26/2006 0.5 0.6 
9/4/2006 1 1.2 
9/11/2006 1.4 1.7 
9/19/2006 1 1.2 
9/28/2006 0.8 0.8 
10/5/2006 0.5 0.7 
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10/13/2006 2 1.3 
 
2006 - Cohort 3 
Date Mortality 
(# Fish) 
Temperature 
(C) 
DO System
(mg/L) 
DO Cohort 
(mg/L) 
pH System pH Cohort 
6/2/2006 0 28.9 7.24 7.02 7.82 7.84 
6/3/2006 0 27.8 7.35 7.21 7.85 7.85 
6/4/2006 0 26.4 7.47 7.32 8.02 8.03 
6/5/2006 0 25.0 7.48 7.35 8.34 8.35 
6/6/2006 2 23.5 7.67 7.50 8.47 8.51 
6/7/2006 1 23.6 7.98 7.79 8.32 8.45 
6/8/2006 0 24.7 6.04 5.80 9.54 9.64 
6/9/2006 0 24.5 7.55 7.39 9.01 9.07 
6/10/2006 0 26.1 7.82 7.41 8.77 8.88 
6/11/2006 5 26.8 7.95 7.55 8.51 8.69 
6/12/2006 0 27.3 8.14 7.56 8.49 8.63 
6/13/2006 0 26.2 6.65 5.89 8.18 8.09 
6/14/2006 1 22.6 8.25 7.56 7.98 7.89 
6/15/2006 0 23.4 8.30 7.93 8.13 8.01 
6/16/2006 0 25.7 7.86 7.48 8.33 8.26 
6/17/2006 0 26.5 7.30 6.89 8.53 8.43 
6/18/2006 2 26.4 7.22 6.71 8.22 8.19 
6/19/2006 0 26.7 7.59 7.01 8.11 7.98 
6/20/2006 0 28.1 7.61 6.21 8.05 8.01 
6/21/2006 0 28.3 7.34 6.87 8.16 8.03 
6/22/2006 0 28.5 7.21 6.18 8.27 8.26 
6/23/2006 0 29.0 6.71 5.60 8.89 8.72 
6/24/2006 3 28.4 8.12 7.29 8.58 8.46 
6/25/2006 0 29.2 7.84 7.00 8.98 8.84 
6/26/2006 0 27.9 7.12 6.43 8.21 8.23 
6/27/2006 0 25.6 6.08 5.41 7.29 7.18 
6/28/2006 0 27.0 5.98 5.51 7.67 7.67 
6/29/2006 0 27.5 7.12 6.82 8.74 8.56 
6/30/2006 10 28.1 7.18 6.73 9.29 9.00 
7/1/2006 1 27.6 7.65 7.03 9.50 9.14 
7/2/2006 0 27.4 7.62 7.12 9.44 9.10 
7/3/2006 0 28.0 7.26 6.76 9.49 9.19 
7/4/2006 0 28.8 6.99 6.47 9.27 9.00 
7/5/2006 0 29.7 6.80 6.22 9.25 9.00 
7/6/2006 1 28.0 6.85 6.35 8.65 8.38 
7/7/2006 0 26.3 8.49 8.07 8.39 8.25 
7/8/2006 0 25.8 8.11 7.68 8.81 8.38 
7/9/2006 0 26.4 7.97 7.38 8.79 8.33 
7/10/2006 0 27.1 6.83 6.41 8.30 8.02 
 
 
201 
 
 
 
 
 
 
 
 
7/11/2006 0 27.9 7.36 6.76 8.15 8.03 
7/12/2006 0 28.8 7.30 5.11 8.46 8.22 
7/13/2006 1 29.8 6.77 5.02 8.84 8.67 
7/14/2006 0 29.1 6.05 4.45 8.29 8.10 
7/15/2006 0 29.4 6.21 4.67 8.75 8.60 
7/16/2006 0 29.7 6.15 4.44 9.12 8.95 
7/17/2006 0 28.5 6.23 4.46 9.19 8.95 
7/18/2006 0 28.5 6.22 4.39 9.14 8.97 
7/19/2006 0 29.3 5.41 4.85 8.98 8.67 
7/20/2006 0 29.0 6.30 4.61 8.97 8.90 
7/21/2006 0 29.0 6.32 4.67 9.25 9.14 
7/22/2006 0 28.9 5.54 3.74 8.72 8.59 
7/23/2006 0 28.4 5.22 4.79 8.37 8.25 
7/24/2006 0 28.4 6.45 4.85 8.81 8.78 
7/25/2006 0 28.0 6.05 4.55 8.91 8.74 
7/26/2006 0 28.8 5.96 4.47 9.15 8.79 
7/27/2006 0 29.3 6.20 4.32 9.19 8.58 
7/28/2006 0 30.0 5.82 3.95 9.12 8.69 
7/29/2006 0 29.4 5.55 3.54 9.04 8.91 
7/30/2006 0 27.6 6.32 4.27 8.56 8.30 
7/31/2006 0 29.7 6.03 3.79   
8/1/2006 0 30.6 5.39 3.32   
8/2/2006 0 31.1 5.30 3.58 8.05 7.83 
8/3/2006 0 30.1 4.98 3.78 7.75 7.68 
8/4/2006 0 30.2 6.08 5.50 7.86 7.83 
8/5/2006 0 30.4 4.66 4.42 7.90 7.86 
8/6/2006 1 29.4 5.35 4.65 7.94 7.89 
8/7/2006 0 30.1 4.97 4.36 7.70 7.70 
8/8/2006 1 30.8 4.75 4.01 8.07 8.00 
8/9/2006 0 29.9 5.00 4.48 8.19 8.11 
8/10/2006 0 30.5 4.78 4.28 8.63 8.54 
8/11/2006 0 30.0 5.92 5.35 8.80 8.80 
8/12/2006 0 28.0 5.10 4.55   
8/13/2006 0 24.6 6.22 5.77 7.60 7.59 
8/14/2006 0 27.2 5.56 4.80 8.78 8.69 
8/15/2006 0 28.2 5.12 4.55 8.80 8.79 
8/16/2006 0 27.7 6.21 5.65 8.51 8.40 
8/17/2006 0 28.0 5.77 5.16 8.54 8.46 
8/18/2006 0 27.4 6.35 5.61 8.67 8.60 
8/19/2006 1 27.6 5.59 5.10 8.75 8.63 
8/20/2006 0 28.5 5.65 4.88 8.29 8.15 
8/21/2006 0 27.8 5.94 5.24 7.79 7.84 
8/22/2006 1 28.9 5.08 4.57 7.91 7.96 
8/23/2006 0 27.5 5.10 4.49 7.64 7.75 
8/24/2006 1 28.2 5.10 4.42 7.77 7.79 
8/25/2006 0 27.2 5.43 4.92 7.96 7.91 
 
 
202 
 
 
 
 
 
 
 
 
8/26/2006 0 27.0 5.46 4.85 8.24 8.20 
8/27/2006 2 27.6 5.38 4.64 8.53 8.49 
8/28/2006 2 28.2 4.91 4.19 8.43 8.32 
8/29/2006 1 29.5 5.14 4.48 8.16 8.11 
8/30/2006 1 29.7 5.18 4.04 7.91 8.04 
8/31/2006 0 28.7 5.17 4.42 7.78 7.83 
9/1/2006 0 26.8 5.16 4.55 7.68 7.66 
9/2/2006 0 26.8 5.11 4.35 7.77 7.78 
9/3/2006 0 27.1 4.72 4.02 7.77 7.80 
9/4/2006 0 27.2 5.41 4.61 7.71 7.76 
9/5/2006 0 27.4 4.90 4.05 7.72 7.81 
9/6/2006 0 25.4 5.13 4.45 7.65 7.83 
9/7/2006 0 26.2 4.48 3.89 7.72 7.81 
9/8/2006 0 25.1 4.96 4.27 7.67 7.71 
9/9/2006 0 25.7 5.22 4.53 7.64 7.74 
9/10/2006 0 25.7 5.50 4.75 7.69 7.64 
9/11/2006 0 26.4 5.21 4.39 7.80 7.89 
9/12/2006 0 25.1 6.22 5.30 7.96 7.90 
9/14/2006 4 21.5 6.65 6.19 7.81 7.81 
9/16/2006 0 24.1 7.32 6.58 8.13 8.06 
9/17/2006 0 24.9 6.06 5.22 8.17 8.18 
9/18/2006 1 24.9 6.30 5.50 8.28 8.24 
9/19/2006 5 26.0 5.49 4.52 7.89 7.86 
9/20/2006 5 22.7 5.50 4.72 7.76 7.71 
9/21/2006 1 21.7 5.36 4.62 7.79 7.72 
9/22/2006 0 22.5 5.08 4.46 7.82 7.79 
9/25/2006 0 23.9 4.99 4.30 7.53 7.51 
9/26/2006 0 23.1 5.01 4.42 7.65 7.61 
9/27/2006 0 22.1 5.08 4.34 7.77 7.82 
9/28/2006 0 21.8 5.23 4.58 7.68 7.70 
9/29/2006 0 19.8 8.12 7.36 8.01 8.01 
9/30/2006 0 19.2 5.30 4.86 7.85 7.85 
10/1/2006 0 20.2 6.98 6.33 7.96 7.95 
10/2/2006 1 21.2 4.84 4.35 7.75 7.80 
10/3/2006 0 21.6 4.71 4.12 7.72 7.75 
10/4/2006 0 22.9 4.74 3.99 7.68 7.76 
10/5/2006 0 23.2 4.88 4.19 7.62 7.65 
10/6/2006 0 24.2 4.48 3.83 7.56 7.53 
10/7/2006 0 19.9 5.10 4.59 7.57 7.59 
10/8/2006 0 19.8 4.86 4.29 7.63 7.67 
10/9/2006 0 18.5 5.28 4.78 7.63 7.66 
10/10/2006 0 19.6 5.45 4.86 7.64 7.67 
10/11/2006 0 21.2 4.45 3.88 7.58 7.57 
10/12/2006 0 20.8 5.82 5.22 7.50 7.78 
10/13/2006 0 18.3 6.12 5.39 7.77 7.52 
 
 
 
203 
 
 
 
 
 
 
 
 
Date TAN System 
(mg/L) 
TAN Cohort 
(mg/L) 
6/22/2006 0.5 0.6 
6/29/2006 0.3 0.4 
7/6/2006 0.4 0.5 
7/13/2006 0.3 0.4 
7/20/2006 0.4 0.5 
7/27/2006 0.4 0.5 
8/3/2006 0.3 0.5 
8/12/2006 0.4 0.5 
8/19/2006 0.4 0.5 
8/26/2006 0.5 0.6 
9/4/2006 1.0 1.2 
9/11/2006 1.4 1.6 
9/19/2006 1.0 1.0 
9/28/2006 0.8 1.0 
10/5/2006 0.5 0.6 
10/13/2006 2.0 1.3 
 
2006 - Cohort 4 
Date Mortality 
(# Fish) 
Temperature 
(C) 
DO System
(mg/L) 
DO Cohort 
(mg/L) 
pH System pH Cohort 
6/2/2006 0 28.9 7.25 7.04 7.80 7.86 
6/3/2006 0 27.8 7.33 7.18 7.87 7.95 
6/4/2006 0 26.4 7.46 7.28 8.08 8.12 
6/5/2006 3 25.0 7.47 7.30 8.35 8.40 
6/6/2006 1 23.5 7.62 7.45 8.52 8.57 
6/7/2006 0 23.6 7.95 7.77 8.38 8.44 
6/8/2006 0 24.7 6.00 5.79 9.56 9.63 
6/9/2006 0 24.5 7.53 7.29 9.03 9.05 
6/10/2006 1 26.1 7.32 6.81 8.91 8.88 
6/11/2006 0 26.8 7.49 7.00 8.64 8.59 
6/12/2006 0 27.3 8.11 7.17 8.54 8.36 
6/13/2006 0 26.2 6.63 5.83 8.45 8.27 
6/14/2006 0 22.6 8.21 7.47 7.98 7.64 
6/15/2006 0 23.3 8.30 7.78 8.13 7.95 
6/16/2006 0 25.7 7.81 7.23 8.30 8.29 
6/17/2006 0 26.5 7.21 6.62 8.48 8.43 
6/18/2006 0 26.4 7.20 6.40 8.21 8.18 
6/19/2006 0 26.7 7.53 6.36 8.06 8.07 
6/20/2006 0 28.0 7.53 6.27 8.04 8.04 
6/21/2006 0 28.3 7.41 6.33 8.13 7.99 
6/22/2006 0 28.5 7.21 6.28 8.26 8.20 
6/23/2006 0 29.0 6.60 5.31 8.91 8.77 
 
 
204 
 
 
 
 
 
 
 
 
6/24/2006 0 28.3 8.14 7.72 8.56 8.53 
6/25/2006 0 29.2 7.88 7.44 8.96 8.82 
6/26/2006 0 27.8 7.19 6.70 8.21 8.17 
6/27/2006 0 25.6 6.04 5.53 7.27 7.21 
6/28/2006 0 27.0 5.99 5.44 7.65 7.61 
6/29/2006 0 27.5 7.03 6.80 8.74 8.66 
6/30/2006 0 28.1 7.06 6.69 9.29 8.98 
7/1/2006 1 27.6 7.67 6.99 9.52 9.38 
7/2/2006 0 27.5 7.71 7.06 9.47 9.23 
7/3/2006 0 28.0 7.28 6.66 9.49 9.19 
7/4/2006 0 28.8 7.01 6.65 9.33 8.97 
7/5/2006 0 29.7 6.79 6.35 9.25 9.05 
7/6/2006 4 28.0 6.68 6.38 8.65 8.55 
7/7/2006 0 26.2 8.37 7.96 8.42 8.28 
7/8/2006 0 25.8 7.96 7.59 8.81 8.59 
7/9/2006 0 26.4 7.73 7.24 8.80 8.51 
7/10/2006 0 27.1 6.71 6.41 8.36 8.22 
7/11/2006 0 27.9 7.46 6.92 8.24 8.05 
7/12/2006 0 28.7 7.24 5.76 8.50 8.23 
7/13/2006 0 29.8 6.74 5.24 8.87 8.68 
7/14/2006 0 29.1 5.95 4.68 8.32 8.14 
7/15/2006 0 29.4 6.18 4.79 8.80 8.42 
7/16/2006 0 29.7 6.09 4.53 9.15 8.83 
7/17/2006 0 28.5 6.14 4.45 9.24 8.99 
7/18/2006 0 28.5 6.06 4.56 9.18 8.90 
7/19/2006 0 29.3 5.30 4.55 9.00 8.82 
7/20/2006 1 28.8 6.29 4.82 9.01 8.84 
7/21/2006 1 29.0 6.25 4.79 9.26 9.02 
7/22/2006 0 28.9 5.45 4.12 8.75 8.62 
7/23/2006 0 28.4 5.13 4.34 8.36 8.28 
7/24/2006 0 28.4 6.30 4.82 8.81 8.20 
7/25/2006 1 28.0 5.95 4.74 8.92 8.30 
7/26/2006 0 28.8 5.85 4.61 9.18 8.77 
7/27/2006 0 29.3 6.02 4.45 9.22 9.02 
7/28/2006 0 30.0 5.58 4.11 9.16 8.98 
7/29/2006 0 29.4 5.53 3.83 9.05 8.84 
7/30/2006 0 27.6 6.23 4.45 8.58 8.33 
7/31/2006 0 29.7 5.86 3.91   
8/1/2006 0 30.6 5.32 3.45   
8/2/2006 0 31.0 5.21 3.59 8.06 7.78 
8/3/2006 0 30.1 4.97 3.59 7.75 7.57 
8/4/2006 1 30.2 6.01 5.29 7.87 7.80 
8/5/2006 0 30.4 4.83 3.84 7.90 7.84 
8/6/2006 0 29.4 5.31 4.38 7.92 7.86 
8/7/2006 0 30.1 5.07 4.15 7.71 7.67 
8/8/2006 0 30.8 4.91 3.88 8.10 7.95 
 
 
205 
 
 
 
 
 
 
 
 
8/9/2006 0 29.9 5.18 4.25 8.22 8.06 
8/10/2006 0 30.5 4.95 4.05 8.93 8.59 
8/11/2006 0 30.0 6.02 5.23 8.80 8.70 
8/12/2006 0 28.0 5.16 4.35   
8/13/2006 0 24.6 6.52 5.72 7.63 7.59 
8/14/2006 0 27.2 5.44 4.44 8.80 8.63 
8/15/2006 0 28.2 5.16 4.16 8.83 8.74 
8/16/2006 1 27.7 6.18 5.37 8.56 8.34 
8/17/2006 0 28.0 5.62 4.77 8.57 8.36 
8/18/2006 1 27.4 5.97 5.27 8.71 8.57 
8/19/2006 0 27.6 5.60 4.73 8.75 8.68 
8/20/2006 0 28.5 5.58 4.48 8.33 7.80 
8/21/2006 0 27.8 5.93 4.79 7.80 7.81 
8/22/2006 0 28.9 5.15 4.23 7.92 7.94 
8/23/2006 0 27.5 5.09 4.15 7.64 7.75 
8/24/2006 0 28.2 4.96 4.10 7.76 7.81 
8/25/2006 0 27.2 5.50 4.50 7.98 7.84 
8/26/2006 0 27.0 5.58 4.43 8.26 8.22 
8/27/2006 1 27.6 5.33 4.08 8.54 8.43 
8/28/2006 0 28.2 4.95 3.79 8.44 8.33 
8/29/2006 1 29.5 5.27 3.98 8.18 8.14 
8/30/2006 0 29.7 5.06 3.63 7.94 8.04 
8/31/2006 0 28.7 5.16 3.67 7.79 7.83 
9/1/2006 0 26.8 5.28 3.91 7.72 7.72 
9/2/2006 0 26.8 5.29 4.51 7.77 7.81 
9/3/2006 0 27.1 4.85 4.09 7.75 7.69 
9/4/2006 0 27.2 5.57 4.65 7.69 7.64 
9/5/2006 1 27.4 4.16 4.18 7.72 7.65 
9/6/2006 0 25.4 5.29 4.61 7.65 7.59 
9/7/2006 0 26.2 4.50 3.91 7.73 7.79 
9/8/2006 0 25.0 5.17 4.35 7.67 7.77 
9/9/2006 0 25.7 5.47 4.51 7.67 7.75 
9/10/2006 0 25.6 5.93 4.80 7.69 7.63 
9/11/2006 0 26.3 5.53 4.57 7.82 7.92 
9/12/2006 0 25.0 6.53 5.53 7.98 7.97 
9/14/2006 0 21.5 6.98 6.31 7.83 7.90 
9/16/2006 0 24.1 7.38 6.58 8.13 8.13 
9/17/2006 1 24.9 6.32 5.26 8.18 8.23 
9/18/2006 4 24.8 6.52 5.59 8.31 8.20 
9/19/2006 1 26.0 5.63 4.69 7.91 7.94 
9/20/2006 0 22.6 5.85 4.80 7.80 7.79 
9/21/2006 0 21.7 5.88 4.85 7.80 7.68 
9/22/2006 0 22.5 5.78 4.40 7.84 7.81 
9/25/2006 0 23.9 5.12 4.30 7.55 7.49 
9/26/2006 0 23.1 5.09 4.28 7.67 7.64 
9/27/2006 0 22.1 5.16 4.28 7.71 7.71 
 
 
206 
 
 
 
 
 
 
 
 
9/28/2006 0 21.8 5.46 4.48 7.71 7.74 
9/29/2006 0 19.9 8.24 7.45 8.02 8.02 
9/30/2006 0 19.2 5.29 4.60 7.81 7.83 
10/1/2006 0 20.2 7.18 6.20 7.95 7.99 
10/2/2006 1 21.2 5.14 4.14 7.77 7.88 
10/3/2006 0 21.6 4.89 3.92 7.73 7.79 
10/4/2006 0 22.9 4.79 3.86 7.68 7.72 
10/5/2006 0 23.2 5.16 4.00 7.66 7.71 
10/6/2006 0 24.2 5.15 3.62 7.61 7.72 
10/7/2006 0 19.9 5.34 4.51 7.60 7.64 
10/8/2006 0 19.8 5.07 4.25 7.65 7.71 
10/9/2006 0 18.5 5.59 4.77 7.67 7.71 
10/10/2006 0 19.6 5.85 4.87 7.65 7.65 
10/11/2006 0 21.2 4.90 3.88 7.62 7.63 
10/12/2006 0 20.8 6.32 5.15 7.65 7.65 
10/13/2006 0 18.3 6.07 5.37 7.67 7.51 
 
Date TAN System 
(mg/L) 
TAN Cohort 
(mg/L) 
6/22/2006 0.5 0.6 
6/29/2006 0.3 0.4 
7/6/2006 0.4 0.5 
7/13/2006 0.3 0.4 
7/20/2006 0.4 0.5 
7/27/2006 0.4 0.5 
8/3/2006 0.3 0.5 
8/12/2006 0.4 0.5 
8/19/2006 0.4 0.5 
8/26/2006 0.5 0.6 
9/4/2006 1.0 1.2 
9/11/2006 1.4 1.5 
9/19/2006 1.0 1.1 
9/28/2006 0.8 1.0 
10/5/2006 0.5 0.5 
10/13/2006 2.0 1.6 
 
2006 - Cohort 5 
Date Mortality 
(# Fish) 
Temperature 
(C) 
DO System
(mg/L) 
DO Cohort 
(mg/L) 
pH System pH Cohort 
6/2/2006 0 28.9 7.27 7.15 7.81 7.86 
6/3/2006 0 27.8 7.36 7.23 7.88 7.96 
6/4/2006 0 26.4 7.50 7.35 8.14 8.18 
6/5/2006 1 25.0 7.51 7.36 8.37 8.42 
6/6/2006 1 23.5 7.62 7.48 8.54 8.62 
 
 
207 
 
 
 
 
 
 
 
 
6/7/2006 0 23.6 7.96 7.80 8.44 7.51 
6/8/2006 0 24.7 6.01 5.88 9.50 9.65 
6/9/2006 0 24.5 7.57 7.39 9.03 9.10 
6/10/2006 5 26.1 7.69 7.32 8.87 9.01 
6/11/2006 0 26.8 7.98 7.45 8.62 8.75 
6/12/2006 0 27.3 8.19 7.60 8.51 8.48 
6/13/2006 0 26.1 6.72 6.35 8.16 8.16 
6/14/2006 1 22.6 8.29 7.92 7.99 7.96 
6/15/2006 0 23.3 8.37 7.99 8.13 8.05 
6/16/2006 0 25.7 7.85 7.48 8.31 8.27 
6/17/2006 0 26.5 7.29 6.93 8.47 8.44 
6/18/2006 0 26.4 7.22 6.74 8.20 8.06 
6/19/2006 0 26.7 7.58 7.02 8.06 8.09 
6/20/2006 0 28.0 7.63 6.81 8.04 7.99 
6/21/2006 2 28.3 7.36 6.88 8.13 8.05 
6/22/2006 0 28.5 7.25 6.57 8.26 8.11 
6/23/2006 5 29.0 6.68 6.07 8.91 8.78 
6/24/2006 0 28.3 8.12 7.78 8.58 8.50 
6/25/2006 1 29.2 7.87 7.47 8.96 8.81 
6/26/2006 0 27.8 7.20 6.96 8.22 8.06 
6/27/2006 0 25.6 6.06 5.15 7.24 7.26 
6/28/2006 0 27.0 5.98 5.36 7.67 7.70 
6/29/2006 0 27.5 7.12 6.88 7.78 8.69 
6/30/2006 0 28.1 7.08 6.80 9.30 9.17 
7/1/2006 0 27.7 7.60 7.02 9.55 9.42 
7/2/2006 0 27.5 7.66 7.09 9.48 9.29 
7/3/2006 0 28.0 7.20 6.74 9.50 9.46 
7/4/2006 0 28.9 7.01 6.54 9.30 9.12 
7/5/2006 0 29.7 6.65 6.37 9.27 9.03 
7/6/2006 0 28.0 6.72 6.43 8.67 8.59 
7/7/2006 0 26.2 8.29 8.01 8.46 8.29 
7/8/2006 0 25.8 7.96 7.61 8.84 8.54 
7/9/2006 0 26.4 7.89 7.35 8.83 8.59 
7/10/2006 0 27.1 6.81 6.36 8.39 8.24 
7/11/2006 0 27.9 7.38 6.90 8.23 8.18 
7/12/2006 0 28.6 7.21 5.77 8.52 8.19 
7/13/2006 0 29.8 6.79 5.12 8.90 8.68 
7/14/2006 0 29.1 5.85 4.81 8.35 8.04 
7/15/2006 0 29.4 6.14 4.82 8.82 8.56 
7/16/2006 1 29.7 6.09 4.53 9.17 8.78 
7/17/2006 1 28.5 6.16 4.57 8.22 8.90 
7/18/2006 0 28.5 6.04 4.54 9.16 8.75 
7/19/2006 3 29.3 5.38 4.76 9.03 8.97 
7/20/2006 0 28.8 6.17 4.54 9.00 8.83 
7/21/2006 0 29.0 6.02 4.83 9.28 9.03 
7/22/2006 0 28.9 5.23 4.12 8.72 8.67 
 
 
208 
 
 
 
 
 
 
 
 
7/23/2006 9 28.4 4.88 4.19 8.37 8.30 
7/24/2006 2 28.4 6.12 5.07 8.85 8.73 
7/25/2006 0 28.0 5.79 4.96 8.91 8.05 
7/26/2006 0 28.8 5.69 4.28 9.18 8.89 
7/27/2006 0 29.3 5.92 4.84 9.22 8.34 
7/28/2006 0 30.0 5.50 4.36 9.12 8.35 
7/29/2006 0 29.4 5.35 4.13 9.08 8.28 
7/30/2006 0 27.6 6.25 4.79 8.55 8.20 
7/31/2006 0 29.7 5.75 4.35   
8/1/2006 0 30.6 5.10 3.77   
8/2/2006 0 31.0 5.00 3.79 8.08 7.61 
8/3/2006 0 30.1 4.75 3.74 7.74 7.62 
8/4/2006 0 30.3 5.93 5.50 7.88 7.83 
8/5/2006 0 30.3 4.31 3.90 7.89 7.86 
8/6/2006 0 29.4 5.18 4.65 7.92 7.89 
8/7/2006 0 30.1 4.88 4.67 7.70 7.71 
8/8/2006 0 30.8 4.74 4.31 8.11 8.03 
8/9/2006 0 29.9 5.09 4.68 8.22 8.15 
8/10/2006 0 30.5 4.64 4.34   
8/11/2006 0 30.0 5.93 5.64 8.90 8.80 
8/12/2006 0 28.0 5.10 4.69   
8/13/2006 0 24.6 6.40 6.14 7.66 7.62 
8/14/2006 0 27.2 5.20 4.63 8.81 8.74 
8/15/2006 0 28.2 4.79 4.29 8.84 8.80 
8/16/2006 0 27.8 6.05 5.54 8.58 8.45 
8/17/2006 1 28.0 5.50 4.84 8.58 8.47 
8/18/2006 0 27.4 6.01 5.41 8.68 8.65 
8/19/2006 0 27.6 5.43 4.88 8.75 8.68 
8/20/2006 1 28.5 5.33 4.77 8.35 8.21 
8/21/2006 0 27.8 5.75 5.06 7.81 7.90 
8/22/2006 0 28.9 4.94 4.44 7.94 7.96 
8/23/2006 0 27.5 4.88 4.34 7.66 7.63 
8/24/2006 0 28.2 4.76 4.35 7.77 7.82 
8/25/2006 0 27.2 5.38 4.86 8.00 7.92 
8/26/2006 3 27.0 5.34 4.74 8.27 8.21 
8/27/2006 2 27.6 5.15 4.56 8.55 8.42 
8/28/2006 0 28.2 4.71 4.12 8.45 8.37 
8/29/2006 0 29.5 5.13 4.33 8.19 8.13 
8/30/2006 0 29.7 4.91 3.77 7.94 7.98 
8/31/2006 0 28.7 5.08 4.05 7.77 7.72 
9/1/2006 0 26.8 4.95 4.46 7.71 7.72 
9/2/2006 0 26.8 5.15 4.54 7.77 7.83 
9/3/2006 0 27.1 4.81 4.14 7.76 7.68 
9/4/2006 1 27.2 5.46 4.79 7.70 7.70 
9/5/2006 0 27.4 4.96 4.27 7.72 7.70 
9/6/2006 0 25.4 5.25 4.67 7.64 7.61 
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9/7/2006 1 26.2 4.52 3.97 7.73 7.78 
9/8/2006 0 25.0 5.06 4.63 7.68 7.67 
9/9/2006 0 25.7 5.29 4.86 7.66 7.64 
9/10/2006 0 25.6 5.69 5.06 7.67 7.67 
9/11/2006 0 26.3 5.37 4.46 7.84 7.81 
9/12/2006 2 25.0 6.33 5.51 7.99 7.98 
9/14/2006 0 21.5 6.81 6.44 7.82 7.80 
9/16/2006 0 21.4 7.17 6.38 8.17 8.09 
9/17/2006 2 24.9 6.08 5.19 8.15 8.11 
9/18/2006 2 24.8 6.38 5.73 8.32 8.25 
9/19/2006 1 26.0 5.36 4.50 7.87 7.83 
9/20/2006 0 22.6 5.54 4.67 7.80 7.75 
9/21/2006 0 21.6 5.78 5.04 7.82 7.80 
9/22/2006 1 22.5 5.09 4.25 7.88 7.89 
9/25/2006 0 23.9 4.82 4.25 7.57 7.56 
9/26/2006 0 23.1 4.87 4.15 7.65 7.61 
9/27/2006 0 22.1 4.79 4.15 7.71 7.72 
9/28/2006 0 21.8 5.04 4.27 7.76 7.76 
9/29/2006 0 19.9 8.26 7.60 8.04 8.01 
9/30/2006 0 19.2 5.00 4.48 7.83 7.89 
10/1/2006 0 20.2 7.04 6.23 7.97 7.96 
10/2/2006 0 21.2 4.93 4.16 7.76 7.79 
10/3/2006 0 21.6 4.70 3.87 7.72 7.82 
10/4/2006 0 22.9 4.61 3.70 7.63 7.61 
10/5/2006 0 23.2 4.95 3.90 7.63 7.61 
10/6/2006 0 24.2 4.57 3.53 7.61 7.60 
10/7/2006 0 19.8 5.67 4.51 7.59 7.62 
10/8/2006 1 19.8 5.02 4.28 7.61 7.61 
10/9/2006 0 18.5 5.58 4.85 7.73 7.77 
10/10/2006 0 19.6 5.73 4.91 7.67 7.72 
10/11/2006 0 21.2 4.84 3.90 7.66 7.77 
10/12/2006 0 20.8 6.26 5.48 7.64 7.66 
10/13/2006 0 18.2 6.15 5.23 7.65 7.56 
 
Date TAN System 
(mg/L) 
TAN Cohort 
(mg/L) 
6/22/2006 0.5 0.5 
6/29/2006 0.3 0.5 
7/6/2006 0.4 0.5 
7/13/2006 0.3 0.3 
7/20/2006 0.4 0.5 
7/27/2006 0.4 0.5 
8/3/2006 0.3 0.5 
8/12/2006 0.4 0.5 
8/19/2006 0.4 0.5 
8/26/2006 0.5 0.6 
 
 
210 
 
 
 
 
 
 
 
 
9/4/2006 1.0 1.0 
9/11/2006 1.4 1.4 
9/19/2006 1.0 1.2 
9/28/2006 0.8 0.9 
10/5/2006 0.5 0.6 
10/13/2006 2.0 1.5 
 
2006 - Cohort 6 
Date Mortality 
(# Fish) 
Temperature 
(C) 
DO System
(mg/L) 
DO Cohort 
(mg/L) 
pH System pH Cohort 
6/2/2006 0 28.9 7.28 7.13 7.81 7.86 
6/3/2006 0 27.8 7.27 7.21 7.90 7.95 
6/4/2006 0 26.3 7.41 7.28 8.18 8.21 
6/5/2006 2 24.9 7.40 7.30 8.41 8.47 
6/6/2006 0 23.5 7.57 7.42 8.57 8.64 
6/7/2006 0 23.7 7.95 7.73 8.49 8.51 
6/8/2006 0 24.7 6.05 5.83 9.57 9.62 
6/9/2006 1 24.5 7.43 7.29 9.07 9.12 
6/10/2006 1 26.1 6.99 6.32 8.97 8.81 
6/11/2006 0 26.8 6.85 6.18 8.93 8.65 
6/12/2006 0 27.3 8.06 6.70 8.56 8.25 
6/13/2006 3 26.2 6.61 5.42 8.41 8.20 
6/14/2006 0 22.6 8.09 7.20 7.98 7.90 
6/15/2006 1 23.2 8.27 7.35 8.12 8.06 
6/16/2006 0 25.7 7.74 6.75 8.28 8.27 
6/17/2006 0 26.5 7.20 5.86 8.44 8.41 
6/18/2006 1 26.4 7.11 6.38 8.20 8.04 
6/19/2006 0 26.6 7.44 6.65 8.01 8.03 
6/20/2006 0 27.9 7.40 6.57 8.04 7.95 
6/21/2006 0 28.2 7.35 6.48 8.19 8.04 
6/22/2006 0 28.4 7.19 6.23 8.26 8.11 
6/23/2006 3 29.0 6.42 5.65 8.96 8.79 
6/24/2006 7 28.3 8.01 7.72 8.53 8.51 
6/25/2006 1 29.2 7.74 7.46 8.96 8.81 
6/26/2006 1 27.8 7.12 6.74 8.21 8.21 
6/27/2006 0 25.6 6.06 5.63 7.25 7.22 
6/28/2006 0 27.0 5.90 5.50 7.70 7.61 
6/29/2006 0 27.5 6.90 6.65 8.82 8.63 
6/30/2006 0 28.1 6.86 6.54 9.33 9.08 
7/1/2006 0 27.7 7.50 6.95 9.58 9.30 
7/2/2006 1 27.5 7.37 6.79 9.51 9.20 
7/3/2006 0 28.0 6.90 6.50 9.55 9.23 
7/4/2006 0 28.9 6.67 6.27 9.40 8.60 
7/5/2006 0 29.7 6.23 5.91 9.32 9.03 
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7/6/2006 0 28.0 6.75 6.04 8.71 8.44 
7/7/2006 0 26.2 7.82 7.58 8.56 8.25 
7/8/2006 0 25.8 7.54 7.38 8.93 8.79 
7/9/2006 0 26.4 7.34 6.88 8.91 8.62 
7/10/2006 0 27.1 6.43 6.07 8.54 8.29 
7/11/2006 0 27.9 7.00 6.67 8.41 8.18 
7/12/2006 1 28.7 6.96 5.52 8.64 8.31 
7/13/2006 0 29.8 6.50 5.13 9.00 8.59 
7/14/2006 0 29.1 5.46 4.47 8.40 8.12 
7/15/2006 1 29.4 5.95 4.68 8.86 8.69 
7/16/2006 0 29.7 5.90 4.44 9.25 8.84 
7/17/2006 0 28.5 5.90 4.37 9.28 9.00 
7/18/2006 0 28.5 5.78 4.16 9.27 8.97 
7/19/2006 1 29.4 5.27 4.31 9.09 8.90 
7/20/2006 0 28.9 5.91 4.27 9.03 8.82 
7/21/2006 0 29.0 5.69 4.22 9.32 9.09 
7/22/2006 0 28.9 4.80 3.51 8.75 8.50 
7/23/2006 0 28.4 4.90 3.16 8.35 8.15 
7/24/2006 4 28.4 5.85 4.41 8.87 8.27 
7/25/2006 0 28.1 5.40 4.26 8.99 8.82 
7/26/2006 0 28.8 5.46 4.23 9.20 8.89 
7/27/2006 0 29.3 5.56 4.04 9.27 9.16 
7/28/2006 0 30.0 5.39 3.64 9.13 9.02 
7/29/2006 0 29.4 4.95 3.37 9.09 8.33 
7/30/2006 0 27.6 5.79 4.13 8.56 8.10 
7/31/2006 0 29.7 5.48 3.60   
8/1/2006 0 30.6 4.87 3.17   
8/2/2006 0 31.0 4.74 3.12 8.12 7.90 
8/3/2006 0 30.1 4.23 4.05 7.72 7.72 
8/4/2006 1 30.3 6.02 5.50 7.89 7.84 
8/5/2006 1 30.4 4.24 3.72 7.88 7.79 
8/6/2006 0 29.4 5.28 4.47 7.92 7.87 
8/7/2006 0 30.1 5.67 4.97 7.81 7.74 
8/8/2006 2 30.8 4.87 4.18 8.13 7.99 
8/9/2006 0 29.9 5.26 4.70 8.28 8.18 
8/10/2006 1 30.5 4.96 4.32   
8/11/2006 0 30.0 6.07 5.69 8.90 8.80 
8/12/2006 1 27.9 5.06 4.75   
8/13/2006 1 24.6 6.97 6.49 7.80 7.64 
8/14/2006 0 27.2 5.25 4.69 8.83 8.75 
8/15/2006 0 28.2 4.79 4.08 8.86 8.80 
8/16/2006 0 27.8 6.15 5.53 8.61 8.47 
8/17/2006 0 28.0 5.43 4.66 8.59 8.47 
8/18/2006 0 27.4 5.97 5.26 8.69 8.64 
8/19/2006 0 27.6 5.56 4.74 8.77 8.65 
8/20/2006 0 28.5 5.36 4.56 8.37 8.32 
 
 
212 
 
 
 
 
 
 
 
 
8/21/2006 0 27.8 5.76 4.99 7.81 7.81 
8/22/2006 0 28.9 4.95 4.25 7.93 7.84 
8/23/2006 0 27.5 4.85 4.23 7.63 7.62 
8/24/2006 1 28.2 4.76 4.11 7.78 7.71 
8/25/2006 0 27.2 5.46 4.44 8.01 8.07 
8/26/2006 2 27.0 5.33 4.33 8.28 8.14 
8/27/2006 0 27.6 5.17 4.08 8.55 8.31 
8/28/2006 2 28.2 4.84 3.61 8.46 8.39 
8/29/2006 0 29.5 5.09 3.73 8.18 8.12 
8/30/2006 0 29.7 4.88 3.36 7.95 7.97 
8/31/2006 1 28.7 4.94 3.47 7.78 7.76 
9/1/2006 0 26.8 5.01 3.70 7.73 7.73 
9/2/2006 0 26.8 5.11 4.41 7.78 7.81 
9/3/2006 0 27.1 4.75 4.06 7.79 7.75 
9/4/2006 1 27.2 5.43 4.65 7.70 7.73 
9/5/2006 0 27.4 4.95 4.09 7.73 7.80 
9/6/2006 0 25.4 5.14 4.53 7.64 7.58 
9/7/2006 1 26.2 4.55 3.78 7.71 7.65 
9/8/2006 0 25.0 5.24 4.60 7.67 7.63 
9/9/2006 0 25.6 5.42 4.74 7.65 7.60 
9/10/2006 0 25.7 5.66 2.76 7.70 7.75 
9/11/2006 2 26.3 5.35 4.51 7.82 7.89 
9/12/2006 0 25.0 6.30 5.51 7.99 8.04 
9/14/2006 0 21.5 6.80 6.20 7.84 7.83 
9/16/2006 0 24.1 7.27 6.54 8.18 8.17 
9/17/2006 0 24.9 6.02 5.26 8.11 8.19 
9/18/2006 2 24.8 6.43 5.72 8.34 8.24 
9/19/2006 0 26.0 5.40 4.45 7.92 7.80 
9/20/2006 0 22.6 5.63 4.75 7.81 7.79 
9/21/2006 1 21.6 5.75 4.85 7.83 7.81 
9/22/2006 0 22.5 5.05 4.22 7.82 7.80 
9/25/2006 0 23.9 5.07 4.23 7.58 7.58 
9/26/2006 0 23.1 5.09 4.15 7.68 7.63 
9/27/2006 0 22.1 5.01 4.20 7.69 7.65 
9/28/2006 0 21.8 5.26 4.40 7.72 7.76 
9/29/2006 0 19.9 8.41 7.76 8.05 8.02 
9/30/2006 0 19.2 5.08 4.36 7.79 7.78 
10/1/2006 0 20.3 7.20 6.34 7.97 7.92 
10/2/2006 0 21.2 5.07 4.14 7.74 7.74 
10/3/2006 0 21.6 4.77 3.92 7.74 7.76 
10/4/2006 0 22.9 4.64 3.72 7.68 7.69 
10/5/2006 0 23.2 4.98 3.98 7.66 7.69 
10/6/2006 0 24.2 4.62 3.53 7.60 7.66 
10/7/2006 0 19.8 5.30 4.55 7.60 7.62 
10/8/2006 0 19.8 5.05 4.29 7.63 7.59 
10/9/2006 0 18.5 5.53 4.75 7.68 7.76 
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10/10/2006 0 19.6 5.78 4.95 7.68 7.75 
10/11/2006 0 21.1 4.66 3.73 7.65 7.68 
10/12/2006 0 20.8 6.41 5.45 7.65 7.67 
10/13/2006 0 18.2 6.17 5.39 7.63 7.58 
 
Date TAN System 
(mg/L) 
TAN Cohort 
(mg/L) 
6/22/2006 0.5 0.6 
6/29/2006 0.3 0.5 
7/6/2006 0.4 0.4 
7/13/2006 0.3 0.3 
7/20/2006 0.4 0.5 
7/27/2006 0.4 0.5 
8/3/2006 0.3 0.5 
8/12/2006 0.4 0.5 
8/19/2006 0.4 0.5 
8/26/2006 0.5 0.6 
9/4/2006 1.0 1.2 
9/11/2006 1.4 1.4 
9/19/2006 1.0 1.1 
9/28/2006 0.8 1.0 
10/5/2006 0.5 0.5 
10/13/2006 2.0 1.6 
 
2006 - Cohort 7 
Date Mortality 
(# Fish) 
Temperature 
(C) 
DO System
(mg/L) 
DO Cohort 
(mg/L) 
pH System pH Cohort 
6/2/2006 0 29.0 7.29 7.23 7.80 7.87 
6/3/2006 0 27.8 7.36 7.17 7.88 7.94 
6/4/2006 0 26.3 7.47 7.35 8.19 8.25 
6/5/2006 0 25.0 7.49 7.35 8.41 8.48 
6/6/2006 0 23.5 7.64 7.51 8.59 8.65 
6/7/2006 0 23.7 7.94 7.78 8.49 8.60 
6/8/2006 1 24.7 6.04 5.86 9.50 9.64 
6/9/2006 0 24.5 7.52 7.30 9.06 9.17 
6/10/2006 1 26.1 7.63 7.22 9.00 8.93 
6/11/2006 1 26.8 7.42 7.14 8.98 8.75 
6/12/2006 0 27.3 8.10 7.49 8.57 8.53 
6/13/2006 0 26.1 6.64 6.22 8.24 8.18 
6/14/2006 0 22.6 8.12 7.58 7.99 7.83 
6/15/2006 0 23.1 8.29 7.95 8.15 7.85 
6/16/2006 1 25.7 7.47 7.37 8.30 8.29 
6/17/2006 0 26.5 7.21 6.80 8.45 8.28 
6/18/2006 0 26.4 7.06 6.70 8.18 7.83 
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6/19/2006 0 26.6 7.48 6.80 8.04 7.94 
6/20/2006 0 27.9 7.41 6.74 8.04 7.91 
6/21/2006 0 28.3 7.29 6.66 8.13 7.95 
6/22/2006 0 28.4 7.20 6.51 8.26 8.25 
6/23/2006 0 29.0 6.42 5.88 8.96 8.84 
6/24/2006 1 28.3 7.99 7.64 8.54 8.48 
6/25/2006 0 29.2 7.79 7.46 8.98 8.79 
6/26/2006 0 27.8 7.08 6.74 8.20 8.21 
6/27/2006 0 25.6 6.06 5.63 7.24 7.26 
6/28/2006 0 27.0 5.98 5.35 7.67 7.59 
6/29/2006 0 27.5 6.87 6.66 8.83 8.75 
6/30/2006 17 28.1 6.95 6.68 9.33 9.05 
7/1/2006 3 27.7 7.56 7.04 9.59 9.19 
7/2/2006 0 27.5 7.51 6.91 9.54 9.12 
7/3/2006 0 28.0 6.97 6.36 9.55 9.29 
7/4/2006 0 28.9 6.76 6.43 9.42 9.15 
7/5/2006 0 29.7 6.23 5.45 9.33 9.13 
7/6/2006 0 28.0 6.27 6.09 8.72 8.62 
7/7/2006 1 26.2 7.86 7.64 8.59 8.42 
7/8/2006 0 25.8 7.53 7.31 8.96 8.72 
7/9/2006 0 26.4 7.37 7.04 8.94 8.76 
7/10/2006 0 27.1 6.47 6.13 8.56 8.48 
7/11/2006 0 27.9 7.14 6.71 8.45 8.32 
7/12/2006 0 28.7 7.03 5.63 8.68 8.39 
7/13/2006 0 29.8 6.79 5.14 9.00 8.86 
7/14/2006 0 29.1 5.82 4.80 8.44 8.30 
7/15/2006 0 29.4 6.05 5.05 8.93 8.76 
7/16/2006 0 29.7 6.09 4.73 9.25 8.97 
7/17/2006 0 28.5 6.16 4.72 9.30 9.06 
7/18/2006 0 28.5 6.05 4.56 9.28 9.02 
7/19/2006 0 29.4 5.55 4.73 9.09 8.96 
7/20/2006 28 28.9 6.06 4.75 9.05 8.89 
7/21/2006 2 29.0 6.08 4.51 9.33 9.20 
7/22/2006 0 28.9 5.02 3.91 8.77 8.52 
7/23/2006 0 28.4 5.25 3.97 8.38 7.65 
7/24/2006 0 28.4 6.14 4.73 8.89 7.84 
7/25/2006 0 28.1 5.57 4.38 8.98 8.08 
7/26/2006 0 28.8 5.58 4.36 9.24 8.63 
7/27/2006 0 29.3 5.55 4.36 9.24 9.08 
7/28/2006 0 30.1 5.32 3.98 9.16 8.38 
7/29/2006 0 29.4 5.00 3.73 9.10 8.14 
7/30/2006 0 27.6 5.90 4.26 8.67 8.14 
7/31/2006 0 29.7 5.29 3.87   
8/1/2006 0 30.6 4.86 3.41   
8/2/2006 0 31.0 4.81 3.45 8.14 7.67 
8/3/2006 0 30.1 4.40 4.07 7.73 7.70 
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8/4/2006 1 30.3 6.04 5.65 7.90 7.87 
8/5/2006 1 30.4 4.30 3.89 7.88 7.83 
8/6/2006 0 29.4 5.18 4.67 7.92 7.89 
8/7/2006 0 30.1 5.88 5.31 7.84 7.78 
8/8/2006 1 30.7 4.99 4.34 8.15 8.05 
8/9/2006 0 29.9 5.39 4.83 8.29 8.20 
8/10/2006 0 30.5 5.06 4.46   
8/11/2006 0 30.0 6.22 5.73 8.90 8.80 
8/12/2006 0 27.9 5.28 4.65   
8/13/2006 0 24.6 6.62 6.55 7.80 7.90 
8/14/2006 0 27.2 5.48 4.76 8.83 8.77 
8/15/2006 0 28.2 4.87 4.33 8.85 8.82 
8/16/2006 0 27.8 6.26 5.75 8.63 8.52 
8/17/2006 0 28.0 5.50 4.99 8.57 8.48 
8/18/2006 0 27.4 6.07 5.45 8.72 8.66 
8/19/2006 1 27.6 5.60 5.02 8.78 8.67 
8/20/2006 0 28.5 5.45 4.88 8.39 8.29 
8/21/2006 0 27.8 6.09 5.20 7.81 7.84 
8/22/2006 0 28.9 5.10 4.53 7.97 8.00 
8/23/2006 1 27.5 5.09 4.39 7.66 7.79 
8/24/2006 0 28.1 4.93 4.22 7.77 7.72 
8/25/2006 0 27.2 5.57 5.02 8.02 7.99 
8/26/2006 1 27.0 5.47 4.87 8.28 8.27 
8/27/2006 3 27.6 5.36 4.64 8.56 8.44 
8/28/2006 3 28.1 4.85 4.32 8.47 8.36 
8/29/2006 1 29.5 5.25 4.56 8.21 8.15 
8/30/2006 0 29.7 5.29 4.01 7.96 7.98 
8/31/2006 0 28.7 5.11 4.32 7.80 7.79 
9/1/2006 0 26.8 5.12 4.50 7.72 7.76 
9/2/2006 0 26.8 5.27 4.56 7.77 7.80 
9/3/2006 0 27.1 4.85 4.06 7.78 7.77 
9/4/2006 0 27.2 5.52 4.74 7.69 7.79 
9/5/2006 0 27.4 4.97 4.24 7.75 7.84 
9/6/2006 0 25.4 5.31 4.60 7.64 7.60 
9/7/2006 0 26.2 4.58 3.86 7.74 7.83 
9/8/2006 0 25.0 5.31 4.49 7.67 7.79 
9/9/2006 0 25.6 5.46 4.71 7.65 7.59 
9/10/2006 0 25.6 5.75 4.71 7.66 7.58 
9/11/2006 0 26.3 5.41 4.60 7.81 7.92 
9/12/2006 0 25.0 6.62 5.63 7.98 7.90 
9/14/2006 0 21.5 6.93 6.24 7.84 7.86 
9/16/2006 0 24.1 7.36 6.56 8.21 8.20 
9/17/2006 0 24.9 6.50 5.18 8.20 8.17 
9/18/2006 1 24.8 6.57 5.70 8.41 8.17 
9/19/2006 2 26.0 5.54 4.62 7.92 7.92 
9/20/2006 2 22.6 5.73 4.86 7.81 7.77 
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9/21/2006 0 21.6 5.88 5.10 7.87 7.86 
9/22/2006 0 22.5 5.14 4.39 7.82 7.77 
9/25/2006 1 23.9 5.14 4.36 7.59 7.58 
9/26/2006 0 23.1 5.20 4.49 7.71 7.70 
9/27/2006 0 22.0 5.13 4.40 7.67 7.63 
9/28/2006 0 21.8 5.38 4.62 7.72 7.72 
9/29/2006 0 20.0 8.55 7.88 8.10 8.09 
9/30/2006 0 19.2 5.27 4.56 7.80 7.79 
10/1/2006 0 20.3 7.41 6.49 7.99 7.95 
10/2/2006 0 21.2 5.10 4.24 7.76 7.83 
10/3/2006 0 21.6 4.85 3.99 7.76 7.83 
10/4/2006 0 22.9 4.75 3.87 7.68 7.69 
10/5/2006 0 23.2 5.01 4.07 7.66 7.72 
10/6/2006 0 24.2 4.65 3.69 7.60 7.69 
10/7/2006 0 19.8 5.41 4.63 7.59 7.60 
10/8/2006 0 19.8 4.99 4.25 7.65 7.61 
10/9/2006 0 18.5 5.58 4.80 7.68 7.68 
10/10/2006 0 19.6 5.85 4.98 7.68 7.72 
10/11/2006 0 21.1 4.65 3.83 7.64 7.75 
10/12/2006 0 20.7 6.45 5.42 7.63 7.62 
10/13/2006 0 18.2 6.21 5.37 7.71 7.59 
 
Date TAN System 
(mg/L) 
TAN Cohort 
(mg/L) 
6/22/2006 0.5 0.5 
6/29/2006 0.3 0.5 
7/6/2006 0.4 0.5 
7/13/2006 0.3 0.4 
7/20/2006 0.4 0.5 
7/27/2006 0.4 0.5 
8/3/2006 0.3 0.5 
8/12/2006 0.4 0.5 
8/19/2006 0.4 0.5 
8/26/2006 0.5 0.6 
9/4/2006 1 1 
9/11/2006 1.4 1.6 
9/19/2006 1 1.2 
9/28/2006 0.8 1 
10/5/2006 0.5 0.6 
10/13/2006 2 1.7 
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2006 - Cohort 8 
Date Mortality 
(# Fish) 
Temperature 
(C) 
DO System
(mg/L) 
DO Cohort 
(mg/L) 
pH System pH Cohort 
6/2/2006 0 29.0 7.26 7.10 7.80 7.84 
6/3/2006 0 27.8 7.21 7.07 7.87 7.95 
6/4/2006 0 26.3 7.42 7.29 8.43 8.27 
6/5/2006 2 25.0 7.40 7.28 8.43 8.49 
6/6/2006 2 23.5 7.57 7.41 8.62 8.65 
6/7/2006 0 23.7 7.93 7.73 8.53 8.56 
6/8/2006 0 24.8 5.96 5.78 9.48 9.64 
6/9/2006 4 24.5 7.43 7.23 9.12 9.18 
6/10/2006 1 26.1 7.33 7.01 9.01 8.97 
6/11/2006 0 26.8 7.52 7.13 8.78 8.63 
6/12/2006 0 27.4 8.05 7.39 8.57 8.47 
6/13/2006 0 26.1 6.57 6.17 8.18 8.19 
6/14/2006 0 22.6 7.96 7.66 7.98 7.92 
6/15/2006 1 23.0 8.25 7.89 8.15 7.85 
6/16/2006 0 25.7 7.72 7.22 8.30 8.26 
6/17/2006 1 26.5 7.20 6.52 8.43 8.35 
6/18/2006 0 26.4 7.00 6.36 8.18 7.99 
6/19/2006 0 26.6 7.33 6.47 8.03 8.05 
6/20/2006 0 28.0 7.20 6.22 8.04 7.67 
6/21/2006 0 28.3 7.31 6.42 8.11 7.98 
6/22/2006 18 28.4 7.13 6.10 8.24 8.24 
6/23/2006 12 29.1 6.30 5.36 9.00 8.90 
6/24/2006 0 28.3 8.09 7.49 8.53 8.31 
6/25/2006 1 29.2 7.80 7.16 8.98 8.83 
6/26/2006 0 27.8 6.97 6.55 8.19 8.10 
6/27/2006 0 25.6 6.05 5.34 7.25 7.18 
6/28/2006 0 27.0 5.95 5.43 7.68 7.69 
6/29/2006 1 27.5 6.95 6.62 8.83 8.71 
6/30/2006 0 28.1 6.85 6.42 9.35 9.03 
7/1/2006 0 27.7 7.57 6.95 9.59 9.41 
7/2/2006 0 27.5 7.44 6.74 9.55 9.19 
7/3/2006 0 28.0 6.87 6.23 9.56 9.35 
7/4/2006 0 29.0 6.84 6.19 9.42 9.15 
7/5/2006 0 29.7 6.16 5.82 9.34 9.21 
7/6/2006 2 28.0 6.30 5.98 8.75 8.55 
7/7/2006 0 26.2 7.72 7.54 8.62 8.38 
7/8/2006 0 25.8 7.53 7.34 8.98 8.82 
7/9/2006 0 26.4 7.32 6.91 8.98 8.74 
7/10/2006 0 27.1 6.48 6.00 8.62 8.44 
7/11/2006 0 27.9 7.10 6.48 8.54 8.30 
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7/12/2006 0 28.7 6.75 5.10 8.71 8.48 
7/13/2006 0 29.8 6.39 4.72 9.07 8.93 
7/14/2006 0 29.1 5.64 4.21 8.47 8.17 
7/15/2006 0 29.4 5.86 4.57 8.93 8.64 
7/16/2006 0 29.7 6.06 4.39 9.27 8.94 
7/17/2006 0 28.5 6.08 4.28 9.31 9.02 
7/18/2006 0 28.5 5.94 4.37 9.29 9.07 
7/19/2006 3 29.4 5.42 4.80 9.12 9.01 
7/20/2006 0 29.0 5.98 4.30 9.08 8.90 
7/21/2006 0 29.0 5.68 4.26 9.34 9.16 
7/22/2006 0 28.9 4.67 3.29 8.77 8.49 
7/23/2006 0 28.4 5.25 3.94 8.40 8.32 
7/24/2006 0 28.4 5.93 4.30 8.90 8.77 
7/25/2006 0 28.1 5.44 4.02 8.99 8.82 
7/26/2006 0 28.8 5.55 4.05 9.23 8.62 
7/27/2006 0 29.3 5.40 3.91 9.21 9.05 
7/28/2006 0 30.1 5.30 3.53 9.17 8.51 
7/29/2006 0 29.4 4.95 3.32 9.08 8.88 
7/30/2006 0 27.6 5.82 3.84 8.64 8.38 
7/31/2006 0 29.7 5.35 3.40   
8/1/2006 0 30.6 4.82 2.96   
8/2/2006 0 31.0 4.74 2.93 8.16 7.45 
8/3/2006 1 30.1 4.38 3.83 7.73 7.74 
8/4/2006 1 30.3 6.06 5.56 7.91 7.88 
8/5/2006 0 30.4 4.16 3.77 7.81 7.77 
8/6/2006 0 29.4 5.19 4.57 7.90 7.79 
8/7/2006 1 30.1 5.96 5.35 7.84 7.80 
8/8/2006 0 30.7 4.96 4.28 8.15 8.03 
8/9/2006 0 29.9 5.30 4.68 8.31 8.17 
8/10/2006 0 30.5 4.93 4.30   
8/11/2006 0 30.0 6.44 5.70 8.90 8.80 
8/12/2006 0 27.9 4.97 4.61   
8/13/2006 0 24.6 6.47 6.33 7.92 7.80 
8/14/2006 0 27.2 5.18 4.78 8.83 8.76 
8/15/2006 0 28.2 4.91 4.19 8.86 8.80 
8/16/2006 0 27.8 6.26 5.65 8.62 8.52 
8/17/2006 0 28.0 5.56 4.81 8.60 8.47 
8/18/2006 1 27.4 6.05 5.33 8.74 8.58 
8/19/2006 0 27.6 5.55 4.82 7.78 8.60 
8/20/2006 1 28.5 5.43 4.62 8.40 8.12 
8/21/2006 0 27.8 5.92 5.03 7.82 7.81 
8/22/2006 0 28.9 5.09 4.34 7.96 7.94 
8/23/2006 0 27.5 4.96 4.20 7.64 7.75 
8/24/2006 0 28.1 4.89 4.15 7.76 7.78 
8/25/2006 0 27.2 5.53 4.86 8.03 8.02 
8/26/2006 0 27.0 5.50 4.69 8.31 8.24 
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8/27/2006 2 27.6 5.27 4.43 8.59 8.52 
8/28/2006 0 28.1 4.85 4.02 8.48 8.43 
8/29/2006 1 29.5 5.23 4.30 8.22 8.13 
8/30/2006 0 29.7 4.82 4.01 7.94 7.99 
8/31/2006 0 28.7 4.95 4.03 7.77 7.82 
9/1/2006 0 26.8 5.04 4.36 7.71 7.76 
9/2/2006 0 26.8 5.28 4.39 7.75 7.80 
9/3/2006 0 27.1 4.93 4.06 7.76 7.85 
9/4/2006 0 27.2 5.58 4.66 7.68 7.75 
9/5/2006 0 27.4 5.12 4.24 7.72 7.84 
9/6/2006 0 25.4 5.39 4.51 7.64 7.68 
9/7/2006 0 26.2 4.80 3.88 7.72 7.85 
9/8/2006 0 25.0 5.45 4.37 7.66 7.64 
9/9/2006 0 25.6 5.63 4.58 7.66 7.80 
9/10/2006 1 25.6 5.88 4.51 7.67 7.63 
9/11/2006 0 26.3 5.51 4.60 7.80 7.92 
9/12/2006 0 25.0 6.48 5.66 7.97 7.99 
9/14/2006 0 21.5 6.98 6.27 7.80 7.85 
9/16/2006 0 24.1 7.24 6.62 8.22 8.18 
9/17/2006 0 24.9 6.68 5.38 8.21 8.23 
9/18/2006 4 24.8 6.65 5.81 8.40 8.36 
9/19/2006 5 26.0 5.62 4.44 7.88 7.88 
9/20/2006 0 22.6 5.88 4.82 7.83 7.84 
9/21/2006 0 21.6 6.13 4.95 7.88 7.88 
9/22/2006 1 22.5 5.39 4.08 7.84 7.88 
9/25/2006 0 23.9 5.31 4.22 7.57 7.52 
9/26/2006 0 23.1 5.59 4.22 7.73 7.75 
9/27/2006 0 22.0 5.37 4.19 7.70 7.80 
9/28/2006 0 21.8 5.73 4.45 7.73 7.78 
9/29/2006 0 20.0 8.66 8.01 8.12 8.15 
9/30/2006 0 19.2 5.40 4.35 7.79 7.84 
10/1/2006 0 20.3 7.61 6.54 8.01 8.01 
10/2/2006 0 21.2 5.44 4.20 7.76 7.84 
10/3/2006 0 21.6 5.12 3.94 7.74 7.81 
10/4/2006 0 22.9 4.88 3.67 7.67 7.75 
10/5/2006 0 23.2 5.02 3.82 7.67 7.77 
10/6/2006 0 24.2 4.93 3.52 7.62 7.71 
10/7/2006 0 19.8 5.51 4.51 7.64 7.64 
10/8/2006 0 19.8 5.09 4.44 7.63 7.55 
10/9/2006 0 18.5 5.62 4.78 7.69 7.73 
10/10/2006 0 19.6 6.03 4.88 7.75 7.77 
10/11/2006 0 21.2 4.67 3.63 7.65 7.65 
10/12/2006 0 20.7 6.57 5.34 7.67 7.62 
10/13/2006 0 18.2 6.44 5.39 7.70 7.61 
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Date TAN System 
(mg/L) 
TAN Cohort 
(mg/L) 
6/22/2006 0.5 0.5 
6/29/2006 0.3 0.5 
7/6/2006 0.4 0.4 
7/13/2006 0.3 0.3 
7/20/2006 0.4 0.5 
7/27/2006 0.4 0.5 
8/3/2006 0.3 0.5 
8/12/2006 0.4 0.5 
8/19/2006 0.4 0.5 
8/26/2006 0.5 0.6 
9/4/2006 1.0 1.2 
9/11/2006 1.4 1.4 
9/19/2006 1.0 1.1 
9/28/2006 0.8 0.9 
10/5/2006 0.5 0.6 
10/13/2006 2.0 1.6 
 
2006 - Cohort 9 
Date Mortality 
(# Fish) 
Temperature 
(C) 
DO System
(mg/L) 
DO Cohort 
(mg/L) 
pH System pH Cohort 
6/2/2006 0 29.0 7.24 7.13 7.81 7.86 
6/3/2006 0 27.8 7.20 7.10 7.90 7.98 
6/4/2006 0 26.3 7.41 7.30 8.25 8.32 
6/5/2006 1 25.0 7.35 7.27 7.45 8.52 
6/6/2006 0 23.5 7.52 7.42 8.63 8.77 
6/7/2006 0 23.7 7.86 7.74 8.55 8.62 
6/8/2006 0 24.8 6.01 5.83 9.51 9.64 
6/9/2006 1 24.5 7.52 7.21 9.15 9.23 
6/10/2006 0 26.1 7.48 6.98 8.79 8.63 
6/11/2006 0 26.8 7.33 6.85 8.55 8.49 
6/12/2006 0 27.4 7.90 7.60 8.56 8.56 
6/13/2006 0 26.1 6.48 6.13 8.33 8.18 
6/14/2006 0 22.6 7.75 7.56 7.92 8.00 
6/15/2006 1 23.0 8.24 7.92 8.15 8.06 
6/16/2006 0 25.7 7.65 7.25 8.30 8.18 
6/17/2006 1 26.5 6.99 6.50 8.42 8.29 
6/18/2006 1 26.4 6.85 6.39 8.14 7.90 
6/19/2006 0 26.6 7.07 6.56 7.96 7.97 
6/20/2006 0 28.0 7.14 6.54 8.03 8.03 
6/21/2006 0 28.3 7.28 6.68 8.10 8.00 
6/22/2006 1 28.5 7.10 6.56 8.24 8.16 
6/23/2006 4 29.1 6.06 5.64 9.04 8.83 
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6/24/2006 0 28.3 7.97 7.52 8.53 8.05 
6/25/2006 0 29.2 7.83 7.25 8.98 8.87 
6/26/2006 1 27.8 7.01 6.65 8.18 8.18 
6/27/2006 0 25.6 6.06 6.54 7.24 7.23 
6/28/2006 0 27.0 5.98 5.31 7.67 7.61 
6/29/2006 7 27.5 6.72 6.67 8.87 8.55 
6/30/2006 0 28.1 6.73  9.36 9.10 
7/1/2006 0 27.8 7.51 7.00 9.63 9.57 
7/2/2006 0 27.6 7.63 6.92 9.55 9.29 
7/3/2006 0 28.0 7.07 6.36 9.56 9.18 
7/4/2006 0 29.0 6.52 5.96 9.45 9.15 
7/5/2006 0 29.7 6.02 5.45 9.35 9.06 
7/6/2006 0 28.0 5.86 5.88 8.77 8.63 
7/7/2006 0 26.2 7.53 7.65 8.67 8.39 
7/8/2006 0 25.8 7.40 7.37 8.97 8.85 
7/9/2006 0 26.4 7.10 6.98 9.01 8.85 
7/10/2006 0 27.1 6.11 6.07 8.72 8.50 
7/11/2006 1 27.9 6.77 6.54 8.59 8.44 
7/12/2006 0 28.7 6.71 5.25 8.74 8.55 
7/13/2006 0 29.8 6.47 5.00 9.10 8.88 
7/14/2006 0 29.1 5.29 3.82 8.49 8.20 
7/15/2006 0 29.4 5.73 4.26 8.99 8.76 
7/16/2006 0 29.7 5.85 4.10 9.29 9.03 
7/17/2006 0 28.5 5.85 4.00 9.35 9.08 
7/18/2006 0 28.5 5.73 3.72 9.28 9.10 
7/19/2006 24 29.4 5.32 4.78 9.12 9.02 
7/20/2006 50 29.0 5.93 4.52 9.08 8.87 
7/21/2006 1 29.0 5.86 4.64 9.35 9.22 
7/22/2006 0 28.9 4.95 3.67 8.43 8.59 
7/23/2006 0 28.4 5.18 4.13 8.40 8.30 
7/24/2006 0 28.4 5.93 4.77 8.94 8.07 
7/25/2006 0 28.1 5.48 4.44 8.97 7.63 
7/26/2006 0 28.8 5.60 4.45 9.23 9.13 
7/27/2006 1 29.3 5.63 4.29 9.24 9.12 
7/28/2006 0 30.1 5.30 3.99 9.19 8.67 
7/29/2006 0 29.4 5.07 3.63 9.12 8.63 
7/30/2006 0 27.6 5.77 4.35  8.20 
7/31/2006 0 29.7 5.36 3.97   
8/1/2006 0 30.6 4.74 3.53   
8/2/2006 2 31.0 4.74 4.18 8.20 8.01 
8/3/2006 0 30.1 4.34 3.88 7.73 7.71 
8/4/2006 4 30.3 6.17 5.64 7.92 7.87 
8/5/2006 0 30.4 4.53 3.88 7.88 7.82 
8/6/2006 0 29.4 5.27 4.64 7.90 7.84 
8/7/2006 1 30.1 5.97 5.42 7.86 7.80 
8/8/2006 0 30.7 5.03 4.45 8.17 8.05 
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8/9/2006 0 29.9 5.40 4.79 8.30 8.21 
8/10/2006 0 30.5 5.00 4.54   
8/11/2006 0 30.0 6.22 5.79 8.90 8.80 
8/12/2006 0 27.9 5.35 4.71   
8/13/2006 0 24.6 6.78 6.25 7.98 7.87 
8/14/2006 0 27.2 5.48 4.81 8.84 8.79 
8/15/2006 0 28.2 4.89 4.29 8.87 8.82 
8/16/2006 2 27.8 6.39 5.88 8.64 8.55 
8/17/2006 0 28.0 5.70 5.00 8.62 8.46 
8/18/2006 1 27.4 6.22 5.61 8.71 8.67 
8/19/2006 0 27.6 5.74 4.96 8.80 8.66 
8/20/2006 0 28.5 5.65 5.00 8.41 8.27 
8/21/2006 0 27.8 5.98 5.35 7.81 7.83 
8/22/2006 1 28.9 5.23 4.54 7.98 7.84 
8/23/2006 0 27.5 5.24 4.60 7.66 7.67 
8/24/2006 0 28.1 5.03 4.56 7.77 7.79 
8/25/2006 0 27.3 5.73 5.11 8.05 7.98 
8/26/2006 0 27.0 5.62 4.97 8.32 8.22 
8/27/2006 2 27.6 5.46 4.92 8.60 8.48 
8/28/2006 0 28.1 5.15 4.41 8.49 8.44 
8/29/2006 2 29.5 5.44 4.84 8.24 8.13 
8/30/2006 0 29.7 5.30 4.54 7.99 8.12 
8/31/2006 0 28.7 5.21 4.27 7.80 7.80 
9/1/2006 0 26.8 5.30 4.53 7.72 7.66 
9/2/2006 0 26.8 5.29 4.66 7.76 7.74 
9/3/2006 0 27.1 5.05 4.11 7.78 7.78 
9/4/2006 0 27.2 5.65 4.65 7.70 7.74 
9/5/2006 0 27.4 5.11 4.26 7.73 7.70 
9/6/2006 0 25.4 5.32 4.58 7.65 7.74 
9/7/2006 0 26.2 4.70 3.79 7.72 7.78 
9/8/2006 0 25.0 5.07 4.29 7.65 7.60 
9/9/2006 0 25.6 5.30 4.51 7.69 7.66 
9/10/2006 1 25.6 5.50 4.56 7.65 7.60 
9/11/2006 0 26.3 5.35 4.44 7.83 7.85 
9/12/2006 0 25.0 6.32 5.43 7.98 7.99 
9/14/2006 0 21.5 6.73 6.20 7.82 7.82 
9/16/2006 0 24.1 7.28 6.52 8.24 8.24 
9/17/2006 0 24.9 5.97 5.27 8.18 8.21 
9/18/2006 2 24.8 6.50 5.77 8.39 8.31 
9/19/2006 0 26.0 5.42 4.49 7.92 7.87 
9/20/2006 0 22.6 5.64 4.75 7.81 7.80 
9/21/2006 1 21.6 5.72 4.96 7.88 7.84 
9/22/2006 0 22.5 4.94 4.10 7.80 7.78 
9/25/2006 0 23.9 5.12 4.25 7.59 7.59 
9/26/2006 0 23.1 5.26 4.22 7.73 7.72 
9/27/2006 0 22.0 5.14 4.10 7.70 7.68 
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9/28/2006 0 21.8 5.47 4.57 7.75 7.78 
9/29/2006 0 20.0 8.70 8.12 8.13 8.11 
9/30/2006 0 19.1 5.13 4.35 7.78 7.77 
10/1/2006 0 20.3 7.45 6.58 8.02 7.99 
10/2/2006 0 21.2 5.21 4.21 7.75 7.74 
10/3/2006 0 21.6 4.87 3.90 7.75 7.78 
10/4/2006 0 22.9 4.72 3.65 7.65 7.61 
10/5/2006 0 23.2 4.90 3.62 7.63 7.60 
10/6/2006 0 24.2 4.66 3.52 7.63 7.68 
10/7/2006 0 19.8 5.44 4.50 7.64 7.74 
10/8/2006 0 19.8 4.95 4.12 7.73 7.69 
10/9/2006 0 18.5 5.51 4.65 7.66 7.66 
10/10/2006 1 19.6 5.95 4.82 7.74 7.78 
10/11/2006 0 21.2 4.58 3.46 7.64 7.74 
10/12/2006 0 20.7 6.35 5.20 7.68 7.94 
10/13/2006 0 18.2 5.98 5.27 7.73 7.69 
 
Date TAN System 
(mg/L) 
TAN Cohort 
(mg/L) 
6/22/2006 0.5 0.6 
6/29/2006 0.3 0.5 
7/6/2006 0.4 0.4 
7/13/2006 0.3 0.4 
7/20/2006 0.4 0.5 
7/27/2006 0.4 0.5 
8/3/2006 0.3 0.5 
8/12/2006 0.4 0.5 
8/19/2006 0.4 0.5 
8/26/2006 0.5 0.6 
9/4/2006 1 1.2 
9/11/2006 1.4 1.4 
9/19/2006 1 1.2 
9/28/2006 0.8 0.9 
10/5/2006 0.5 0.7 
10/13/2006 2 1.8 
 
2007- Cohort 1 
Date Mort. 
 
Temp 
(C) 
DO  
Sys 
(mg/L)
DO 
Cht 
(mg/L)
pH 
Sys
pH 
Cht
TAN  
Sys 
(mg/L)
TAN  
Cht 
(mg/L) 
PM 
pH 
PM  
Temp
(C) 
Union. 
Amm. 
(mg/L)
07/14/07 0 25.3 7.4 6.2 7.94 7.64 0.3 0.5   
07/15/07 0 25.6 7.3 6.2 7.93 7.66 0.25 0.6   
07/16/07 0 24.8 7.2 6.1 7.79 7.66 0.3 0.6 9.23 32.9 0.015 
07/17/07 0 27.2 6.9 4.9 7.72 7.61 0.3 0.6 8.63 35.4 0.016 
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07/18/07 0 26.7 7.4 5.4 7.58 7.47 0.3 0.7 8.89 32.8 0.013 
07/19/07 0 27.5 6.8 4.7 7.54 7.27 0.3 0.8 9.19 31.4 0.010 
07/20/07 0 27.9 6.4 6 7.72 7.71 0.1 0.3 9.47 32.7 0.010 
07/23/07 0 25.4 7.5 7.1 7.84 7.85 0.3 0.4 8.39 30.5 0.016 
07/24/07 0 25.3 7.1 6.9 7.82 7.82 0.4 0.6 8.44 30.8 0.022 
07/25/07 0 26.4 6.9 6.5 7.95 7.91 0.3 0.7 9.36 31.3 0.034 
07/26/07 0 27.3 6.5 6.1 7.86 7.86 0.3 0.4 9.58 33.2 0.018 
07/27/07 0 28.1 6.5 6.3 7.87 7.86 0.4 0.5 9.58 35.5 0.024 
07/28/07 0 27.6 4.5 5.9 7.81 7.87 0.2 0.3 9.48 34.5 0.014 
07/29/07 0 27.4 6.3 6.4 7.93 7.87 0.3 0.4 9.37 34.3 0.019 
07/30/07 0 27.1 6.7 6.5 8.01 7.92 0.2 0.4 9.52 34.7 0.021 
08/01/07 0 28 6.9 6.4 8.31 8.21 0.2 0.2 9.85 34 0.020 
08/02/07 0 28.5 6.8 6.3 8.51 8.34 0.25 0.4 9.91 34.2 0.055 
08/03/07 0 28.1 6.6 6.2 8.23 8.07 0.1 0.3 9.72 35.1 0.023 
08/06/07 0 28.1 6.5 5.9 7.81 7.81 0.2 0.6 9.52 35.9 0.026 
08/07/07 0 29.4 6.4 5.9 7.91 7.93 0.2 0.4 9.54 35.5 0.025 
08/08/07 0 30.2 6.4 5.4 8.02 8.01 0.3 0.4 9.44 35.4 0.031 
08/09/07 0 30.1 5.9 5.2 7.93 7.89 0.3 0.5 9.16 35.0 0.030 
08/10/07 0 30.1 6.1 5.4 7.84 7.84 0.4 0.55 9.11 33.6 0.029 
08/11/07 0 29.8 6.1 5.8 7.94 8 0.35 0.45 9.01 33.1 0.033 
08/13/07 0 28.8 9.3 8.3 7.74 7.73 0.3 0.4 8.92 34.2 0.015 
08/14/07 0 28.1 6.7 6.1 8.01 8.01 0.4 0.7 9.27 33.8 0.047 
08/15/07 0 28 6.4 5.9 7.74 7.71 0.45 0.6 8.93 32.1 0.021 
08/16/07 0 28.8 6.3 5.8 7.64 7.63 0.4 0.6 8.58 34.0 0.018 
08/17/07 0 29.3 6.8 6 7.62 7.6 0.45 0.6 8.13 33.8 0.018 
08/18/07 0 28.1 6.6 6 7.62 7.61 0.5 0.7 9.03 33.5 0.020 
08/19/07 0 28.5 6.9 5.8 7.79 7.77 0.55 0.7 9.14 33.8 0.029 
08/20/07 0 28.4 4.9 4.4 7.34 7.32 0.5 0.75 9.24 34.6 0.011 
08/21/07 0 28.5 6.6 5.6 7.9 7.87 0.5 0.6 9.24 35.3 0.031 
08/22/07 0 29 5.4 4.6 7.78 7.79 0.5 0.5 9.11 32.1 0.022 
08/23/07 0 29.1 6.4 5.1 7.82 7.65 0.5 0.7 9.51 31.7 0.023 
08/24/07 0 28.6 5.5 4.6 7.95 7.93 0.4 0.5 9.26 31.5 0.029 
08/25/07 0 27.3 6.2 5.3 7.82 7.82 0.45 0.7 9.24 31.8 0.030 
08/26/07 0 27.4 6.2 5.5 8 7.99 0.45 0.75 9.24 32.5 0.046 
08/27/07 0 26.6 7.8 6.7 7.58 7.59 0.4 0.7 9.13 33.8 0.017 
08/30/07 1 28.5 5.8 4.9 7.81 7.86 0.6 0.7 9.4 30.8 0.035 
08/31/07 0 27 5 4.7 7.57 7.59   7.68 31.2  
09/01/07 0 27 6.3 5.5 7.76 7.78 0.5 0.55 8.83 30.0 0.021 
09/03/07 0 25 6 5 7.93 7.95 0.5 0.55 8.21 31.1 0.027 
09/04/07 0 26.6 6.9 5.8 7.7 7.72   8.86 32.2  
09/07/07 0 26.6 5.9 4.9 7.07 6.98 0.45 0.7 8.79 31.1 0.004 
09/09/07 0 25.9 7.4 5.9 7.61 7.5 0.4 0.6 9.06 31.0 0.011 
09/10/07 0 26.7 5.5 4.5 7.31 7.21 2.1 2.8 7.08 29.7 0.029 
09/11/07 0 26.2 6 5 7.52 7.56 0.5 0.6 9.49 31.4 0.013 
09/12/07 0 25.2 5.1 4.6 7.5 7.45 0.4 0.7 9.04 28.5 0.011 
09/14/07 0 25.5 5.7 5.1 7.32 7.3 0.6 0.7 8.84 31.1 0.008 
 
 
225 
 
 
 
 
 
 
 
 
09/15/07 0 23.7 5.5 5.3 7.46 7.44 0.5 0.8 7.49 26.8 0.011 
09/16/07 0 22.8 6 5.9 7.91 7.87 0.4 0.6 9.54 29.7 0.021 
09/17/07 0 22.1 7.3 6.1 7.99 7.98 0.4 0.5 9.73 26.8 0.021 
09/18/07 0 21.6 6.8 6.1 7.96 8 0.4 0.5 9.45 27.1 0.021 
09/21/07 0 22.5 5.8 5.6 7.65 7.66 0.55 0.8 9.16 25.8 0.017 
09/22/07 0 23.7 4.6 4.8     7.95 25.6  
09/23/07 0 25.1 4.1 5     8.02 30.9  
09/24/07 0 25.7 5.4 4.4 6.85 6.79 0.95 1.5 7.42 30.6 0.006 
09/25/07 1 25.8 4.7 4 7.12 7.11 2 2.6 6.74 29.1 0.020 
09/28/07 0 24.2 5.9 5.4 6.62 6.57 3 3 7.2 28.4 0.006 
09/29/07 0 21.7 6.4 5.7 7.03 6.99 4.4 4 8.04 28.1 0.017 
09/30/07 0 21.5 7 5.8 7.07 7.06 5.1 5.4 8.24 25.1 0.027 
10/01/07 0 19.4 7.3 6.5 7.49 7.53 4.4 4.6 8.08 24.9 0.058 
10/02/07 0 20.1 6.7 6.3 7.45 7.48 4.3 4.6 8.01 25.3 0.055 
10/05/07 0 23.6 6 4.4 7.33 7.26 5.3 5.4 7.93 26.2 0.050 
10/07/07 0 23.5 6.5 5.4 7.54 7.52 5.3 5.4 8.17 28.3 0.090 
10/08/07 0 24 5.8 4.8 7.48 7.5 5.4 5.4 8.09 29.2 0.089 
10/09/07 0 24.3 6.3 4.9 7.53 7.56 5.3 5.7 8.65 28.7 0.110 
10/10/07 0 24 6.1 4.8 7.53 7.53 0 0 8.2 28.0 0.000 
10/11/07 0 20 7 6.3 7.74 7.75 4.8 4.8 8.74 24.2 0.105 
10/12/07 0 17.2 7.3 7 7.68 7.73 3.9 3.9 9.35 22.1 0.066 
10/15/07 0 18.8 7.1 6.3 7.69 7.68 2.6 2.8 8.67 23.7 0.048 
10/17/07 0 20.1 6.7 5.9 7.74 7.73 1.5 1.65 8.85 22.3 0.035 
10/18/07 0 22 6.5 5.2 7.66 7.59 1.65 1.8 7.91 24.8 0.032 
10/19/07 0 22.3 6.7 5.3 7.41 7.25 2.3 2.4 9.03 23.4 0.020 
10/22/07 0 19.1 6.9 6.2 7.59 7.52 1.4 1.5 7.66 23.3 0.018 
10/23/07 0 19.7 6.9 5.8 7.42 7.32 2.1 2 8.58 19.8 0.016 
10/24/07 0 20.9 6.8 6.1 7.35 7.18 1.7 1.7 7.62 23.6 0.011 
10/26/07 0 18.4 7.6 6.9 7.69 7.59 1.7 1.6   
 
2007 - Cohort 2 
Date Mort. 
 
Temp 
(C) 
DO  
Sys 
(mg/L)
DO 
Cht 
(mg/L)
pH 
Sys
pH 
Cht
TAN  
Sys 
(mg/L)
TAN  
Cht 
(mg/L) 
PM 
pH 
PM  
Temp
(C) 
Union. 
Amm. 
(mg/L)
07/14/07 0 25.4 7.4 5.8 7.89 7.71 0.3 0.4   
07/15/07 0 25.7 7.3 5.7 7.93 7.74 0.25 0.6   
07/16/07 0 24.9 7.2 5.5 7.84 7.63 0.3 0.5 9.32 32.9 0.012 
07/17/07 1 27.3 6.9 4.1 7.72 7.62 0.3 0.7 8.68 35.4 0.019 
07/18/07 0 26.7 7.4 4.5 7.58 7.45 0.3 0.7 9.01 32.8 0.012 
07/19/07 0 27.6 6.8 4.1 7.54 7.37 0.3 0.9 9.33 31.4 0.014 
07/20/07 0 28 6.4 6 7.72 7.7 0.1 0.2 9.55 32.7 0.007 
07/23/07 0 25.5 7.5 7 7.84 7.8 0.3 0.5 8.44 30.5 0.018 
07/24/07 0 25.4 7.1 6.7 7.82 7.73 0.4 0.7 8.67 30.8 0.021 
07/25/07 0 26.4 6.9 6.5 7.95 7.89 0.3 0.65 9.42 31.3 0.030 
 
 
226 
 
 
 
 
 
 
 
 
07/26/07 0 27.3 6.5 6.2 7.86 7.79 0.3 0.5 9.63 33.2 0.020 
07/27/07 0 28.1 6.5 6.2 7.87 7.78 0.4 0.5 9.63 35.5 0.020 
07/28/07 0 27.6 4.5 5.6 7.81 7.86 0.2 0.3 9.53 34.5 0.014 
07/29/07 0 27.4 6.3 6.1 7.93 7.86 0.3 0.4 9.43 34.3 0.019 
07/30/07 0 27.2 6.7 6.4 8.01 7.95 0.2 0.4 9.57 34.7 0.022 
08/01/07 0 28.1 6.9 6.4 8.31 8.25 0.2 0.2 9.89 34 0.022 
08/02/07 0 28.6 6.8 6.3 8.51 8.46 0.25 0.4 9.93 34.2 0.070 
08/03/07 0 28.2 6.6 6.1 8.23 8.23 0.1 0.4 9.8 35.1 0.043 
08/06/07 0 28.1 6.5 5.8 7.81 7.79 0.2 0.4 9.56 35.9 0.017 
08/07/07 0 29.4 6.4 5.8 7.91 7.86 0.2 0.4 9.59 35.5 0.021 
08/08/07 1 30.3 6.4 5.7 8.02 7.95 0.3 0.6 9.48 35.4 0.041 
08/09/07 0 30.1 5.9 5.3 7.93 7.9 0.3 0.5 9.2 35.0 0.030 
08/10/07 0 30.1 6.1 5.6 7.74 7.8 0.4 0.6 9.15 33.6 0.029 
08/11/07 0 29.9 6.1 5.7 7.94 7.84 0.35 0.55 9.04 33.1 0.029 
08/13/07 0 28.7 9.3 8.5 7.74 7.68 0.3 0.6 8.99 34.2 0.020 
08/14/07 0 28.2 6.7 6.2 8.01 7.92 0.4 0.7 9.31 33.8 0.039 
08/15/07 0 28.1 6.4 5.8 7.74 7.7 0.45 0.65 8.98 32.1 0.022 
08/16/07 0 28.9 6.3 5.7 7.64 7.59 0.4 0.5 8.62 34.0 0.014 
08/17/07 0 29.4 6.8 5.9 7.62 7.59 0.45 0.7 8.21 33.8 0.020 
08/18/07 0 28.2 6.6 6.1 7.62 7.58 0.5 0.7 9.07 33.5 0.018 
08/19/07 0 28.6 6.9 6.2 7.79 7.76 0.55 0.6 9.19 33.8 0.024 
08/20/07 0 28.5 4.9 4.2 7.34 7.33 0.5 0.75 9.30 34.6 0.011 
08/21/07 0 28.5 6.6 5.9 7.9 7.86 0.5 0.7 9.30 35.3 0.035 
08/22/07 0 29 5.4 4.6 7.78 7.71 0.5 0.7 9.17 32.1 0.026 
08/23/07 0 29.2 6.4 5.7 7.82 7.79 0.5 0.6 9.58 31.7 0.027 
08/24/07 0 28.6 5.5 5.1 7.95 7.94 0.4 0.6 9.34 31.5 0.036 
08/25/07 0 27.4 6.2 5.6 7.82 7.8 0.45 0.6 9.27 31.8 0.024 
08/26/07 0 27.4 6.2 5.5 8 7.95 0.45 0.65 9.26 32.5 0.037 
08/27/07 0 26.6 7.8 7 7.58 7.59 0.4 0.7 9.14 33.8 0.017 
08/30/07 0 28.5 5.8 5 7.81 7.75 0.6 0.56 9.42 30.8 0.022 
08/31/07 0 27 5 4.6 7.57 7.53   7.64 31.2  
09/01/07 0 27 6.3 5.7 7.76 7.73 0.5 0.5 8.86 30.0 0.017 
09/03/07 0 25 6 5.3 7.93 7.89 0.5 0.5 8.26 31.1 0.021 
09/04/07 0 26.6 6.9 6.1 7.7 7.68   8.9 32.2  
09/07/07 0 26.6 5.9 4.8 7.07 6.87 0.45 0.65 8.99 31.1 0.003 
09/09/07 0 25.9 7.4 6.3 7.61 7.63 0.4 0.55 9.16 31.0 0.014 
09/10/07 0 26.7 5.5 4.8 7.31 7.26 2.1 2.6 7.11 29.7 0.030 
09/11/07 0 26.2 6 5.3 7.52 7.5 0.5 0.6 9.55 31.4 0.012 
09/12/07 0 25.2 5.1 4.6 7.5 7.5 0.4 0.6 9.16 28.5 0.011 
09/14/07 0 25.5 5.7 4.9 7.32 7.31 0.6 0.65 9.11 31.1 0.008 
09/15/07 0 23.7 5.5 4.9 0.7 7.45  0.5 7.54 26.8  
09/16/07 0 22.8 6 5.6 7.91 7.88 0.4 0.5 9.61 29.7 0.018 
09/17/07 0 22.1 7.3 6.5 7.99 7.95 0.4 0.5 9.8 26.8 0.020 
09/18/07 0 21.6 6.8 6.2 7.96 7.89 0.4 0.4 9.55 27.1 0.013 
09/21/07 0 22.5 5.8 5.2 7.65 7.61 0.5 0.7 9.26 25.8 0.013 
09/22/07 0 23.7 4.6 4.2     8.05 25.6  
 
 
227 
 
 
 
 
 
 
 
 
09/23/07 0 25.1 4.1 4.8     8.17 30.9  
09/24/07 2 25.7 5.4 4 6.85 6.87 0.95 1.3 7.43 30.6 0.006 
09/25/07 1 25.8 4.7 3.7 7.12 7.13 2 2.45 6.69 29.1 0.020 
09/28/07 0 24.2 5.9 5.2 6.62 6.65 3 3 7.25 28.4 0.007 
09/29/07 0 21.7 6.4 5.7 7.03 7.01 4.4 3.9 8.05 28.1 0.018 
09/30/07 0 21.5 7 6.2 7.07 7.09 5.1 5.4 8.34 25.1 0.029 
10/01/07 0 19.4 7.3 6.9 7.49 7.47 4.4 4.5 8.14 24.9 0.050 
10/02/07 0 20.1 6.7 6.2 7.45 7.43 4.3 4.2 8.11 25.3 0.045 
10/05/07 0 23.6 6 5.3 7.33 7.3 5.3 5.4 8.14 26.2 0.055 
10/07/07 0 23.5 6.5 5.7 7.54 7.51 5.3 5.4 8.39 28.3 0.088 
10/08/07 0 24 5.8 4.8 7.48 7.44 5.4 5.4 8.12 29.2 0.078 
10/09/07 0 24.3 6.3 5.4 7.53 7.48 5.3 5.4 8.79 28.7 0.087 
10/10/07 0 24 6.1 5.1 7.53 7.48   8.32 28.0  
10/11/07 0 20 7 6.2 7.74 7.68 4.8 4.6 8.79 24.2 0.086 
10/12/07 0 17.2 7.3 7 7.68 7.62 3.9 4 9.49 22.1 0.053 
10/15/07 0 18.8 7.1 6.3 7.69 7.66 2.6 2.8 8.79 23.7 0.046 
10/17/07 0 20.1 6.7 5.8 7.74 7.74 1.5 1.6 8.91 22.3 0.034 
10/18/07 0 22 6.5 5.3 7.66 7.64 1.65 1.8 8.04 24.8 0.035 
10/19/07 0 22.3 6.7 5.9 7.41 7.29 2.3 2.4 9.06 23.4 0.022 
10/22/07 0 19.1 6.9 6.4 7.59 7.53 1.4 1.7 7.68 23.3 0.021 
10/23/07 0 19.7 6.9 6 7.43 7.41 2.1 2.1 8.72 19.8 0.021 
10/24/07 1 20.9 6.8 5.9 7.35 7.34 1.7 1.7 7.72 23.6 0.016 
10/26/07 0 18.4 7.6 6.9 7.69 7.62 1.7 1.7   
 
2007 - Cohort 3 
Date Mort. 
 
Temp 
(C) 
DO  
Sys 
(mg/L)
DO 
Cht 
(mg/L)
pH 
Sys
pH 
Cht
TAN  
Sys 
(mg/L)
TAN  
Cht 
(mg/L) 
PM 
pH 
PM  
Temp
(C) 
Union. 
Amm. 
(mg/L)
07/14/07 1 25.4 7.3 6.3 7.88 7.76 0.3 0.4   
07/15/07 0 25.7 7.2 5.9 7.92 7.8 0.25 0.7   
07/16/07 0 24.9 7.2 5.8 7.8 7.71 0.3 0.65 9.27 32.9 0.018 
07/17/07 0 27.3 6.4 4.7 7.57 7.62 0.3 0.9 8.67 35.4 0.024 
07/18/07 0 26.7 7 4.9 7.46 7.51 0.3 0.8 8.89 32.8 0.016 
07/19/07 1 27.5 6.3 4.6 7.41 7.44 0.3 0.7 9.37 31.4 0.013 
07/20/07 0 28 5.3 5.6 7.51 7.62 0.1 0.4 9.59 32.7 0.011 
07/23/07 0 25.5 7 6.9 7.68 7.67 0.3 0.5 8.53 30.5 0.013 
07/24/07 0 25.4 6.3 6.4 7.63 7.68 0.4 0.7 9.01 30.8 0.019 
07/25/07 0 26.3 6.4 6.3 7.75 7.81 0.3 0.75 9.42 31.3 0.029 
07/26/07 0 27.3 5.7 5.9 7.63 7.73 0.3 0.4 9.7 33.2 0.014 
07/27/07 0 28.2 5.9 6 7.57 7.69 0.4 0.5 9.67 35.5 0.017 
07/28/07 0 27.6 4.5 5 7.81 7.8 0.2 0.3 9.51 34.5 0.012 
07/29/07 0 27.5 5.5 5.8 7.89 7.89 0.3 0.4 9.61 34.3 0.020 
07/30/07 1 27.3 6.7 6.3 8.06 7.96 0.2 0.4 9.59 34.7 0.023 
08/01/07 0 28.2 6.7 6.3 8.38 8.26 0.2 0.2 9.94 34 0.023 
 
 
228 
 
 
 
 
 
 
 
 
08/02/07 0 28.7 6.8 6.3 8.61 8.49 0.25 0.45 9.96 34.2 0.083 
08/03/07 0 28.2 6.2 6 8.33 8.22 0.1 0.4 9.81 35.1 0.042 
08/06/07 0 28.2 5.2 5.5 7.62 7.7 0.2 0.4 9.58 35.9 0.014 
08/07/07 0 29.5 5.6 5.7 7.73 7.79 0.2 0.4 9.59 35.5 0.018 
08/08/07 0 30.3 5.8 5.5 7.83 7.87 0.3 0.5 9.48 35.4 0.029 
08/09/07 0 30.2 4.6 4.9 7.82 7.82 0.3 0.45 9.19 35.0 0.023 
08/10/07 0 30.1 5.1 5.2 7.71 7.73 0.4 0.5 9.15 33.6 0.021 
08/11/07 0 29.9 5.4 5.3 7.68 7.74 0.35 0.5 9.02 33.1 0.021 
08/13/07 0 28.8 9.3 8.2 7.57 7.64 0.3 0.5 9 34.2 0.016 
08/14/07 0 28.3 6.3 5.8 7.77 7.84 0.4 0.7 9.29 33.8 0.033 
08/15/07 0 28.2 5.9 5.5 7.62 7.64 0.45 0.7 8.99 32.1 0.021 
08/16/07 0 28.9 5.5 5.4 7.51 7.54 0.4 0.55 8.62 34.0 0.014 
08/17/07 0 29.4 6.3 5.7 7.52 7.57 0.45 0.65 8.24 33.8 0.018 
08/18/07 0 28.2 6.2 5.7 7.53 7.54 0.5 0.7 9.05 33.5 0.017 
08/19/07 0 28.6 6.7 6 7.69 7.76 0.55 0.7 9.20 33.8 0.028 
08/20/07 0 28.5 3.6 3.6 7.27 7.31 0.5 0.75 9.34 34.6 0.011 
08/21/07 0 28.5 6.4 5.7 7.81 7.83 0.5 0.7 9.34 35.3 0.033 
08/22/07 0 29.1 4.1 4.5 7.63 7.64 0.5 0.6 9.16 32.1 0.019 
08/23/07 0 29.3 6.4 5.5 7.82 7.78 0.5 0.6 9.63 31.7 0.027 
08/24/07 0 28.6 4.6 4.9 7.87 7.82 0.4 0.5 9.33 31.5 0.023 
08/25/07 0 27.3 5.9 5.3 7.77 7.77 0.45 0.6 9.28 31.8 0.023 
08/26/07 0 27.4 5.9 5.2 7.91 7.93 0.45 0.6 9.29 32.5 0.033 
08/27/07 0 26.7 7.3 6.5 7.58 7.57 0.4 0.7 9.15 33.8 0.016 
08/30/07 0 28.6 5.4 4.8 7.67 7.74 0.6 0.75 9.44 30.8 0.029 
08/31/07 0 27.1 3.7 3.9 7.4 7.45   7.64 31.2  
09/01/07 0 27 6 5.3 7.64 7.68 0.5 0.6 8.89 30.0 0.018 
09/03/07 0 25 4.5 4.4 7.79 7.82 0.5 0.6 8.31 31.1 0.022 
09/04/07 0 26.8 6.9 5.8 7.6 7.63   8.95 32.2  
09/07/07 0 26.7 4.8 4.5 6.7 6.99 0.45 0.65 8.97 31.1 0.004 
09/09/07 0 26 7.4 6.3 7.49 7.55 0.4 0.5 9.21 31.0 0.011 
09/10/07 0 26.7 4.8 4.3 7.17 7.19 2.1 2.6 7.07 29.7 0.026 
09/11/07 0 26.3 5.5 4.9 7.37 7.43 0.5 0.6 9.51 31.4 0.010 
09/12/07 0 25.1 4 4.1 7.48 7.48 0.4 0.7 9.16 28.5 0.012 
09/14/07 0 25.6 4.2 4.1 7.23 7.27 0.6 0.75 9.09 31.1 0.008 
09/15/07 0 2.7 4.1 4.3 7.42 7.42 0.5 0.7 7.57 26.8 0.002 
09/16/07 0 22.8 5.1 4.9 7.85 7.84 0.4 0.55 9.61 29.7 0.018 
09/17/07 0 22.2 7 6.1 7.83 7.87 0.4 0.55 9.83 26.8 0.018 
09/18/07 0 21.7 6 5.6 7.78 7.84 0.4 0.4 9.55 27.1 0.012 
09/21/07 0 22.7 4.9 4.4 7.56 7.6 0.55 0.7 9.29 25.8 0.013 
09/22/07 0 23.7 4.6 4.1     8.08 25.6  
09/23/07 0 25.1 4.1 4.2     8.23 30.9  
09/24/07 0 25.7 3.6 3.1 6.89 6.88 0.95 1.4 7.43 30.6 0.006 
09/25/07 0 25.8 3.3 3.2 7.12 7.13 2 2.25 6.68 29.1 0.018 
09/28/07 0 24.2 4.4 4.7 6.69 6.67 3 3 7.24 28.4 0.008 
09/29/07 0 21.7 4.9 5.2 7.03 7.01 4.4 4.8 8.07 28.1 0.022 
09/30/07 0 21.5 6.4 6.1 7.06 7.07 5.1 5.4 8.42 25.1 0.028 
 
 
229 
 
 
 
 
 
 
 
 
10/01/07 0 19.5 6.4 6.6 7.37 7.42 4.4 4.5 8.16 24.9 0.045 
10/02/07 0 20.1 5.7 5.9 7.36 7.39 4.3 4.4 8.19 25.3 0.043 
10/05/07 0 23.5 6.4 5.6 7.27 7.29 5.3 5.3 8.19 26.2 0.052 
10/07/07 0 23.6 5.7 5.8 7.46 7.54 5.3 5.6 8.48 28.3 0.098 
10/08/07 0 24 4.6 4.9 7.34 7.45 5.4 5.8 8.24 29.2 0.085 
10/09/07 0 24.3 5.6 5.5 7.42 7.47 5.3 5.4 8.87 28.7 0.085 
10/10/07 0 24 4.9 5.2 7.43 7.45   8.48 28.0  
10/11/07 0 20 6 6 7.54 7.55 4.8 4.7 8.88 24.2 0.065 
10/12/07 0 17.3 6.5 6.6 7.52 7.52 3.9 3.9 9.47 22.1 0.042 
10/15/07 0 18.7 6.3 6.3 7.64 7.64 2.6 2.8 8.85 23.7 0.043 
10/17/07 0 20.2 5.6 5.7 7.68 7.68 1.5 1.6 8.97 22.3 0.030 
10/18/07 0 22.1 5.1 5.4 7.62 7.6 1.65 1.8 8.18 24.8 0.033 
10/19/07 0 22.3 5.6 5.6 7.26 7.27 2.3 2.5 9.13 23.4 0.022 
10/22/07 0 19.1 6.1 6.5 7.52 7.52 1.4 1.7 7.83 23.3 0.021 
10/23/07 0 19.7 6 5.4 7.43 7.38 2.1 2.1 8.74 19.8 0.019 
10/24/07 0 20.9 5.8 5.9 7.32 7.31 1.7 1.7 7.82 23.6 0.015 
10/26/07 0 18.4 7.1 7 7.63 7.61 1.7 1.6   
 
2007 - Cohort 4 
Date Mort. 
 
Temp 
(C) 
DO  
Sys 
(mg/L)
DO 
Cht 
(mg/L)
pH  
Sys 
pH 
Cht
TAN  
Sys 
(mg/L)
TAN  
Cht 
(mg/L) 
PM 
pH 
PM  
Temp
(C) 
Union. 
Amm. 
(mg/L)
07/14/07 0 25.4 7.2 5.9 7.73 7.68 0.3 0.4   
07/15/07 0 25.7 7.2 6 7.92 7.72 0.25 0.8   
07/16/07 0 24.9 5.9 5.4 7.763 7.63 0.3 0.7 9.32 32.9 0.016 
07/17/07 0 27.3 6.4 4.7 7.57 7.59 0.3 1.1 8.68 35.4 0.028 
07/18/07 0 26.8 7 4.8 7.46 7.41 0.3 1 8.91 32.8 0.016 
07/19/07 0 27.6 6.3 4.2 7.41 7.3 0.3 0.9 9.41 31.4 0.012 
07/20/07 0 28 5.3 5.5 7.51 7.56 0.1 0.3 9.63 32.7 0.007 
07/23/07 0 25.6 7 6.9 7.67 7.65 0.3 0.45 8.6 30.5 0.012 
07/24/07 0 25.4 6.3 6.3 7.63 7.62 0.4 0.8 9.16 30.8 0.019 
07/25/07 0 26.4 6.4 6.2 7.75 7.43 0.3 0.5 9.44 31.3 0.008 
07/26/07 0 27.3 5.7 5.6 7.63 7.63 0.3 0.4 9.76 33.2 0.011 
07/27/07 0 28.2 5.9 5.7 7.57 7.59 0.4 0.4 9.69 35.5 0.011 
07/28/07 0 27.6 4.5 4.9 7.81 7.81 0.2 0.3 9.61 34.5 0.013 
07/29/07 0 27.5 5.5 5.7 7.89 7.86 0.3 0.4 9.47 34.3 0.019 
07/30/07 4 27.3 6.7 6.2 8.06 8.01 0.2 0.4 9.6 34.7 0.026 
08/01/07 0 28.2 6.7 6.3 8.38 8.33 0.2 0.2 9.96 34 0.026 
08/02/07 0 28.7 6.8 6.4 8.61 8.57 0.25 0.5 9.98 34.2 0.107 
08/03/07 0 28.3 6.2 5.9 8.33 8.29 0.1 0.4 9.78 35.1 0.049 
08/06/07 0 28.2 5.2 5.2 7.62 7.57 0.2 0.4 9.56 35.9 0.010 
08/07/07 0 29.5 5.6 5.5 7.73 7.68 0.2 0.4 9.58 35.5 0.014 
08/08/07 0 30.4 5.8 5.5 7.83 7.79 0.3 0.7 9.5 35.4 0.034 
08/09/07 0 30.2 4.6 4.5 7.82 7.81 0.3 0.5 9.19 35.0 0.025 
 
 
230 
 
 
 
 
 
 
 
 
08/10/07 0 30.2 5.1 4.9 7.71 7.6 0.4 0.55 9.15 33.6 0.017 
08/11/07 0 29.9 5.4 5.1 7.68 7.57 0.35 0.45 9.01 33.1 0.013 
08/13/07 0 28.7 9.3 8.3 7.57 7.51 0.3 0.5 9.01 34.2 0.012 
08/14/07 0 28.3 6.3 5.8 7.77 7.74 0.4 0.7 9.29 33.8 0.027 
08/15/07 0 28.2 5.9 5.4 7.62 7.6 0.45 0.65 8.97 32.1 0.018 
08/16/07 0 28.9 5.5 5.1 7.51 7.48 0.4 0.45 8.60 34.0 0.010 
08/17/07 0 29.4 6.3 5.5 7.52 7.49 0.45 0.7 8.22 33.8 0.016 
08/18/07 0 28.2 6.2 5.6 7.53 7.52 0.5 0.7 9.10 33.5 0.016 
08/19/07 0 28.6 6.7 5.9 7.69 7.65 0.55 0.7 9.22 33.8 0.022 
08/20/07 0 28.5 3.6 3.5 7.27 7.28 0.5 0.7 9.34 34.6 0.010 
08/21/07 0 28.5 6.4 5.7 7.81 7.78 0.5 0.65 9.30 35.3 0.027 
08/22/07 0 29.1 4 4.1 7.61 7.6 0.5 0.6 9.13 32.1 0.018 
08/23/07 0 29.3 6.4 5.4 7.82 7.84 0.5 0.6 9.62 31.7 0.030 
08/24/07 0 28.6 4.6 4.4 7.87 7.85 0.4 0.6 9.37 31.5 0.030 
08/25/07 0 27.3 6.2 5.3 7.77 7.75 0.45 0.65 9.28 31.8 0.024 
08/26/07 0 27.4 6.2 5.3 7.91 7.89 0.45 0.5 9.3 32.5 0.025 
08/27/07 0 26.7 7.3 6.5 7.58 7.58 0.4 0.75 9.15 33.8 0.018 
08/30/07 0 28.6 5.4 4.8 7.67 7.62 0.6 0.7 9.45 30.8 0.021 
08/31/07 0 27.1 3.7 3.8 7.4 7.37   7.65 31.2  
09/01/07 0 27 6 5.3 7.64 7.62 0.5 0.6 8.92 30.0 0.016 
09/03/07 0 25 4.5 4.4 7.79 7.73 0.5 0.55 8.29 31.1 0.016 
09/04/07 0 26.8 6.9 5.9 7.6 7.57   8.96 32.2  
09/07/07 0 26.7 4.8 4.2 6.7 6.61 0.45 0.7 8.93 31.1 0.002 
09/09/07 0 26 7.4 6.4 7.49 7.49 0.4 0.65 9.14 31.0 0.012 
09/10/07 0 26.7 4.8 4.2 7.17 7.16 2.1 2.7 7 29.7 0.025 
09/11/07 0 26.3 5.5 4.7 7.37 7.38 0.5 0.7 9.5 31.4 0.010 
09/12/07 0 25.3 4 4 7.48 7.45 0.4 0.6 9.14 28.5 0.010 
09/14/07 0 25.6 4.2 4 7.23 7.23 0.6 0.65 9.14 31.1 0.006 
09/15/07 0 23.7 4.1 4.4 7.42 7.4 0.5 0.65 7.64 26.8 0.008 
09/16/07 0 22.8 5.1 5 7.85 7.88 0.4 0.5 9.63 29.7 0.018 
09/17/07 0 22.2 7 6.3 7.83 7.79 0.4 0.5 9.85 26.8 0.014 
09/18/07 0 21.7 6 5.6 7.78 7.74 0.4 0.5 9.56 27.1 0.012 
09/21/07 0 22.7 4.9 4.2 7.56 7.52 0.55 0.8 9.35 25.8 0.013 
09/22/07 0 23.7 4.6 3.6     8.07 25.6  
09/23/07 0 25.1 4.1 3.5     8.2 30.9  
09/24/07 0 25.7 3.6 3.2 6.89 6.91 0.95 1.5 7.42 30.6 0.007 
09/25/07 0 25.8 3.3 3 7.12 7.12 2 2.3 6.71 29.1 0.018 
09/28/07 0 24.2 4.4 4.3 6.69 6.74 3 3 7.25 28.4 0.009 
09/29/07 0 21.7 4.9 4.8 7.03 7.03 4.4 3.9 8.08 28.1 0.019 
09/30/07 0 51.5 6.4 5.9 7.06 7.07 5.1 5.3 8.53 25.1 0.191 
10/01/07 0 19.5 6.4 6.3 7.37 7.38 4.4 4.7 8.15 24.9 0.043 
10/02/07 0 20.1 5.7 5.4 7.36 7.35 4.3 4.2 8.16 25.3 0.037 
10/05/07 0 23.5 6.4 5.2 7.27 7.24 5.3 5.4 8.17 26.2 0.048 
10/07/07 0 26.3 5.7 5.5 7.46 7.46 5.3 5.4 8.44 28.3 0.095 
10/08/07 0 24 4.6 4.1 7.34 7.34 5.4 5.4 8.27 29.2 0.062 
10/09/07 0 24.3 5.6 4.9 7.42 7.39 5.3 5.4 8.88 28.7 0.071 
 
 
231 
 
 
 
 
 
 
 
 
10/10/07 0 24 4.9 4.2 7.43 7.38   8.52 28.0  
10/11/07 0 20 6 5.5 7.54 7.54 4.8 4.8 8.94 24.2 0.065 
10/12/07 0 17.3 6.6 6.2 7.52 7.5 3.9 3.8 9.47 22.1 0.039 
10/15/07 0 18.7 6.3 5.9 7.64 7.62 2.6 2.8 8.9 23.7 0.041 
10/17/07 0 20.2 5.6 5.2 7.68 7.64 1.5 1.7 9.02 22.3 0.029 
10/18/07 0 22.1 5.1 4.6 7.62 7.59 1.65 1.8 8.16 24.8 0.032 
10/19/07 0 22.3 5.6 5.1 7.26 7.24 2.3 2.5 9.18 23.4 0.020 
10/22/07 0 1.91 6.1 5.8 7.52 7.5 1.4 1.7 7.82 23.3 0.005 
10/23/07 0 19.7 6 5.4 7.43 7.38 2.1 2 8.78 19.8 0.018 
10/24/07 0 20.9 5.8 5.3 7.32 7.29 1.7 0.8 7.81 23.6 0.007 
10/26/07 0 18.4 7.1 6.5 7.63 7.6 1.7 1.6   
 
2007 - Cohort 5 
Date Mort. 
 
Temp 
(C) 
DO  
Sys 
(mg/L)
DO 
Cht 
(mg/L)
pH  
Sys 
pH 
Cht
TAN  
Sys 
(mg/L)
TAN  
Cht 
(mg/L) 
PM 
pH 
PM  
Temp
(C) 
Union. 
Amm. 
(mg/L)
07/14/07 0 25.4 7 6 7.82 7.72 0.2 0.4   
07/15/07 0 25.8 6.7 5 7.83 7.6 0.3 0.8   
07/16/07 0 25 6.5 5.2 7.7 7.56 3 0.8 9.29 32.9 0.016 
07/17/07 0 27.4 5.4 3.9 7.61 7.5 0.3 0.9 8.94 35.4 0.019 
07/18/07 0 26.8 5.9 4.2 7.58 7.43 0.3 0.6 9.19 32.8 0.010 
07/19/07 0 27.6 5.4 3.6 7.46 7.41 0.3 1.1 9.56 31.4 0.019 
07/20/07 0 28.1 5.3 5.2 7.71 7.65 0.1 0.4 9.73 32.7 0.012 
07/23/07 0 25.6 7 6.9 7.9 7.82 0.3 0.6 8.8 30.5 0.023 
07/24/07 0 25.4 6.1 6.2 7.75 7.74 0.4 0.7 9.46 30.8 0.022 
07/25/07 0 26.3 6.6 6.3 8.62 8.46 0.3 0.5 9.63 31.3 0.076 
07/26/07 0 27.3 5.6 5.7 7.92 7.84 0.3 0.5 9.78 33.2 0.022 
07/27/07 0 28.3 6.2 6 8.19 8 0.4 0.5 9.74 35.5 0.033 
07/28/07 0 27.6 4.1 4.6 7.8 7.84 0.2 0.3 9.62 34.5 0.014 
07/29/07 0 27.5 5.6 5.5 7.88 7.86 0.3 0.4 9.48 34.3 0.019 
07/30/07 2 27.3 6.6 6.3 8.19 8.19 0.2 0.4 9.7 34.7 0.038 
08/01/07 0 28.3 6.7 6.4 8.58 8.45 0.2 0.25 9.99 34 0.042 
08/02/07 0 28.8 7.3 6.7 8.81 8.74 0.25 0.45 10.04 34.2 0.130 
08/03/07 0 28.3 6.3 5.9 8.59 8.43 0.1 0.35 9.83 35.1 0.057 
08/06/07 0 28.2 4.8 4.2 7.91 7.71 0.2 0.6 9.64 35.9 0.021 
08/07/07 0 29.5 5.3 4.9 8.14 7.87 0.2 0.4 9.77 35.5 0.022 
08/08/07 0 30.4 5.7 4.7 8.32 7.98 0.3 0.7 9.62 35.4 0.051 
08/09/07 0 30.2 4.2 3.7 7.76 7.72 0.3 0.55 9.37 35.0 0.023 
08/10/07 0 30.2 4.5 3.8 7.73 7.65 0.4 0.55 9.23 33.6 0.019 
08/11/07 0 29.9 5.1 4.5 7.71 7.69 0.35 0.6 9.17 33.1 0.023 
08/13/07 0 28.8 9.7 7.8 7.81 7.64 0.3 0.55 9.08 34.2 0.017 
08/14/07 0 28.3 6.4 5.6 7.96 7.88 0.4 0.7 9.27 33.8 0.036 
08/15/07 0 28.2 5.6 5 7.85 7.67 0.45 0.6 9.12 32.1 0.019 
08/16/07 0 29 5.3 4.5 7.65 7.56 0.4 0.6 8.93 34.0 0.016 
 
 
232 
 
 
 
 
 
 
 
 
08/17/07 0 29.4 6.1 5.1 7.62 7.52 0.45 0.8 8.48 33.8 0.020 
08/18/07 0 28.3 6.1 5.1 7.61 7.57 0.5 0.7 9.10 33.5 0.018 
08/19/07 0 28.6 6.8 5.4 7.83 7.7 0.55 0.7 9.22 33.8 0.025 
08/20/07 0 28.5 3 2.6 7.35 7.13 0.5 0.75 9.34 34.6 0.007 
08/21/07 0 28.6 6.4 4.9 7.9 7.78 0.5 0.7 9.39 35.3 0.030 
08/22/07 0 29.1 3.6 3.2 7.63 7.6 0.5 0.6 9.25 32.1 0.018 
08/23/07 0 29.3 6.5 4.7 7.95 7.81 0.5 0.55 9.59 31.7 0.026 
08/24/07 0 28.6 4 3.4 7.8 7.8 0.4 0.6 9.36 31.5 0.026 
08/25/07 0 27.3 5.8 4.7 7.79 7.76 0.45 0.6 9.26 31.8 0.022 
08/26/07 0 27.5 5.7 4.8 7.87 7.87 0.45 0.6 9.34 32.5 0.029 
08/27/07 0 26.8 7.5 5.9 7.55 7.56 0.4 0.5 9.16 33.8 0.011 
08/30/07 0 28.6 5.3 4.2 7.64 7.63 0.6 0.75 9.45 30.8 0.023 
08/31/07 0 27.1 3.2 3.2 7.37 7.38   8.41 31.2  
09/01/07 0 27 5.9 4.8 7.687 7.62 0.5 0.6 8.93 30.0 0.016 
09/03/07 0 25 3.8 3.3 7.73 7.73 0.5 0.6 8.61 31.1 0.018 
09/04/07 0 26.8 7.1 5 7.78 7.63   9.19 32.2  
09/07/07 0 26.7 4.6 3.4 6.79 6.56 0.45 0.6 9.39 31.1 0.001 
09/09/07 0 26.1 7.7 5.8 7.93 7.57 0.4 0.5 9.15 31.0 0.011 
09/10/07 0 26.6 5.5 4.1 6.99 7.02 2.1 2.5 6.83 29.7 0.017 
09/11/07 0 26.3 5.3 4.2 7.79 7.67 0.5 0.65 9.71 31.4 0.018 
09/12/07 0 25.3 3.6 3.4 7.44 7.44 0.4 0.5 9.13 28.5 0.008 
09/14/07 0 25.6 3.7 3.5 7.3 7.29 0.6 0.75 9.34 31.1 0.009 
09/15/07 0 23.7 3.6 3.7 7.38 7.38 0.5 0.7 8.21 26.8 0.009 
09/16/07 0 22.8 4.8 4.9 7.85 7.83 0.4 0.5 9.63 29.7 0.016 
09/17/07 0 22.2 7.3 6.2 8.48 8.09 0.4 0.5 9.85 26.8 0.027 
09/18/07 0 21.7 6.1 5.5 8.04 7.87 0.4 0.45 9.79 27.1 0.015 
09/21/07 0 22.7 3.8 4.2 7.52 7.53 0.55 0.7 9.5 25.8 0.011 
09/22/07 0 23.7 3.1 3.6     8.58 25.6  
09/23/07 0 25.1 3 3.5     8.21 30.9  
09/24/07 0 25.8 2.9 3.2 6.99 6.97 0.95 1.25 7.91 30.6 0.007 
09/25/07 0 25.9 2.5 3 7.12 7.15 2 2.3 6.93 29.1 0.020 
09/28/07 0 24.2 4.4 4.8 6.78 6.76 3 3 7.6 28.4 0.009 
09/29/07 0 21.8 4.1 4.9 7.08 7.07 4.4 4 8.61 28.1 0.021 
09/30/07 0 21.3 6.7 6.6 7.17 7.15 5.1 5.2 8.84 25.1 0.032 
10/01/07 0 19.5 6.3 6.6 7.54 7.51 4.4 4.6 8.8 24.9 0.056 
10/02/07 0 20.2 5.7 5.9 7.52 7.51 4.3 4.2 8.31 25.3 0.054 
10/05/07 0 23.6 5.8 6.2 7.44 7.35 5.3 5.3 8.79 26.2 0.060 
10/07/07 0 23.7 5.3 5.7 7.57 7.54 5.3 5.2 8.88 28.3 0.092 
10/08/07 0 24 4.1 4.7 7.48 7.46 5.4 5.5 8.78 29.2 0.083 
10/09/07 0 24.3 5.4 5.5 7.58 7.54 5.3 5.4 9.01 28.7 0.099 
10/10/07 0 24 4.3 4.7 7.48 7.5   8.99 28.0  
10/11/07 0 20 5.5 5.7 7.58 7.58 4.8 4.8 9.03 24.2 0.071 
10/12/07 0 17.3 6 6.3 7.63 7.6 3.9 3.9 9.53 22.1 0.050 
10/15/07 0 18.5 6.7 6.8 7.7 7.68 2.6 2.9 8.95 23.7 0.049 
10/17/07 0 20.2 5 5.2 7.63 7.64 1.5 1.55 9.07 22.3 0.027 
10/18/07 0 22.1 4.3 4.7 7.59 7.1 1.65 1.17 8.33 24.8 0.007 
 
 
233 
 
 
 
 
 
 
 
 
10/19/07 0 22.3 4.9 5.1 7.23 7.23 2.3 2.4 9.06 23.4 0.019 
10/22/07 0 19.1 5.6 5.8 7.48 7.46 1.4 1.6 8 23.3 0.017 
10/23/07 0 19.7 5.4 5.6 7.36 7.37 2.1 2 8.85 19.8 0.018 
10/24/07 0 20.9 5.8 5.5 7.29 7.29 1.7 1.6 8.01 23.6 0.013 
10/26/07 0 18.4 6.7 6.6 7.6 7.58 1.7 1.7   
 
2007 - Cohort 6 
Date Mort. 
 
Temp 
(C) 
DO  
Sys 
(mg/L)
DO 
Cht 
(mg/L)
pH 
Sys
pH 
Cht
TAN  
Sys 
(mg/L)
TAN  
Cht 
(mg/L) 
PM 
pH 
PM  
Temp
(C) 
Union. 
Amm. 
(mg/L)
07/14/07 0 25.5 6.8 5.8 7.81 7.77 0.2 0.5   
07/15/07 0 25.8 6.7 5.1 7.8 7.62 0.3 0.9   
07/16/07 0 25 6.3 4.8 7.61 7.46 0.3 0.8 9.35 32.9 0.013 
07/17/07 0 27.4 5.4 3.8 7.61 7.53 0.3 0.9 9.01 35.4 0.020 
07/18/07 0 26.8 5.9 4.2 7.5 7.45 0.3 0.6 9.29 32.8 0.011 
07/19/07 0 27.6 5.4 3.6 7.46 7.44 0.3 0.7 9.54 31.4 0.013 
07/20/07 0 28.1 5.3 5.3 7.71 7.67 0.1 0.3 9.75 32.7 0.010 
07/23/07 0 25.6 7 6.9 7.9 7.89 0.3 0.5 8.84 30.5 0.022 
07/24/07 0 25.4 6.1 6.2 7.75 7.74 0.4 0.7 9.49 30.8 0.022 
07/25/07 0 26 6.6 6.4 8.62 8.59 0.3 0.5 9.67 31.3 0.096 
07/26/07 0 27.4 5.6 5.7 7.92 7.9 0.3 0.5 9.78 33.2 0.025 
07/27/07 0 28.3 6.2 6 8.19 8.2 0.4 0.5 9.75 35.5 0.051 
07/28/07 0 27.6 4.1 4.6 7.8 7.81 0.2 0.3 9.62 34.5 0.013 
07/29/07 0 27.5 5.6 5.6 7.88 7.87 0.3 0.5 9.51 34.3 0.024 
07/30/07 1 27.3 6.6 6.3 8.19 8.11 0.2 0.4 9.71 34.7 0.032 
08/01/07 0 28.3 6.7 6.4 8.58 8.53 0.2 0.25 9.99 34 0.049 
08/02/07 0 28.8 7.3 6.7 8.81 8.77 0.25 0.45 10.06 34.2 0.137 
08/03/07 0 28.3 6.3 5.9 8.59 8.53 0.1 0.4 9.95 35.1 0.078 
08/06/07 0 28.2 4.8 5 7.91 7.91 0.2 0.4 9.73 35.9 0.022 
08/07/07 0 29.5 5.3 5.4 8.14 8.15 0.2 0.4 9.83 35.5 0.040 
08/08/07 0 30.5 5.7 5.2 8.32 8.26 0.3 0.6 9.67 35.4 0.079 
08/09/07 0 30.2 4.2 4.2 7.76 7.76 0.3 0.5 9.45 35.0 0.022 
08/10/07 0 30.2 4.5 4.7 7.73 7.72 0.4 0.55 9.35 33.6 0.023 
08/11/07 0 29.9 5.1 5 7.71 7.73 0.35 0.55 9.31 33.1 0.023 
08/13/07 0 28.8 9.7 8.9 7.81 7.8 0.3 0.6 9.22 34.2 0.027 
08/14/07 1 28.4 6.4 6.2 7.96 7.96 0.4 0.7 9.33 33.8 0.043 
08/15/07 0 28.2 5.6 5.7 7.85 7.84 0.45 0.6 9.25 32.1 0.028 
08/16/07 0 29 5.3 5.3 7.56 7.65 0.4 0.65 9.00 34.0 0.021 
08/17/07 0 29.5 6.1 5.8 7.62 7.62 0.45 0.6 8.66 33.8 0.019 
08/18/07 0 28.3 6.1 5.9 7.61 7.62 0.5 0.65 9.17 33.5 0.019 
08/19/07 0 28.7 6.8 6.1 7.83 7.83 0.55 0.7 9.29 33.8 0.033 
08/20/07 0 28.5 3 3.6 7.35 7.38 0.5 0.75 9.40 34.6 0.013 
08/21/07 0 28.6 6.4 6 7.9 7.91 0.5 0.7 9.50 35.3 0.039 
08/22/07 0 29.1 3.6 3.9 7.63 7.64 0.5 0.7 9.4 32.1 0.022 
 
 
234 
 
 
 
 
 
 
 
 
08/23/07 0 29.3 6.5 5.7 7.95 7.97 0.5 0.6 9.73 31.7 0.040 
08/24/07 0 28.6 4 4.2 7.8 7.79 0.4 0.5 9.4 31.5 0.022 
08/25/07 0 27.2 5.8 5.6 7.79 7.74 0.45 0.6 9.37 31.8 0.021 
08/26/07 0 27.5 5.9 5.4 7.91 7.84 0.45 0.55 9.38 32.5 0.025 
08/27/07 0 26.8 7.5 7.2 7.55 7.58 0.4 0.7 9.23 33.8 0.017 
08/30/07 0 28.6 5.3 4.9 7.64 7.67 0.6 0.7 9.47 30.8 0.023 
08/31/07 0 27.1 6.2 3.6 7.37 7.4   8.53 31.2  
09/01/07 0 27 5.9 5.6 7.67 7.66 0.5 0.55 9 30.0 0.016 
09/03/07 0 25 3.8 3.9 7.73 7.75 0.5 0.5 8.66 31.1 0.015 
09/04/07 0 26.8 7.1 6.3 7.78 7.85   9.31 32.2  
09/07/07 0 26.7 4.6 4.9 6.79 6.91 0.45 0.6 9.53 31.1 0.003 
09/09/07 0 26.1 7.7 6.8 7.93 7.85 0.4 0.6 9.27 31.0 0.025 
09/10/07 0 26.6 5.5 5.5 6.99 7.12 2.1 2.5 7 29.7 0.021 
09/11/07 0 26.3 5.3 5.2 7.79 7.71 0.5 0.6 9.81 31.4 0.019 
09/12/07 0 25.3 3.6 3.8 7.44 7.42 0.4 0.7 9.25 28.5 0.011 
09/14/07 0 25.6 3.7 4.2 7.3 7.33 0.6 0.6 9.46 31.1 0.008 
09/15/07 0 23.7 3.6 4.1 7.38 7.38 0.5 0.7 8.35 26.8 0.009 
09/16/07 0 22.8 4.8 5.1 7.85 7.83 0.4 0.5 9.75 29.7 0.016 
09/17/07 0 22.2 7.3 6.7 8.48 8.46 0.4 0.5 9.87 26.8 0.059 
09/18/07 0 21.7 6.1 5.8 8.04 8.04 0.4 0.5 9.85 27.1 0.023 
09/21/07 0 22.7 3.8 4.2 7.52 7.52 0.55 0.6 9.59 25.8 0.009 
09/22/07 0 23.7 3.1 3.4     8.63 25.6  
09/23/07 0 25.1 3 3.7     8.38 30.9  
09/24/07 0 25.8 2.9 3 6.99 6.99 0.95 1.5 7.87 30.6 0.009 
09/25/07 0 25.9 2.5 2.5 7.12 7.11 2 2.5 6.98 29.1 0.019 
09/28/07 0 24.2 4.4 4.2 6.78 6.8 3 3 7.62 28.4 0.010 
09/29/07 0 21.8 4.1 4.3 7.08 7.11 4.4 4.4 8.54 28.1 0.025 
09/30/07 0 21.3 6.7 6.3 7.17 7.17 5.1 5.2 8.85 25.1 0.033 
10/01/07 0 19.5 6.3 6.2 7.54 7.55 4.4 4.5 8.74 24.9 0.060 
10/02/07 0 20.2 5.7 5.4 7.52 7.53 4.3 4.2 8.3 25.3 0.057 
10/05/07 0 23.6 5.8 5.8 7.44 7.42 5.3 5.2 8.79 26.2 0.069 
10/07/07 0 23.7 5.3 5.1 7.57 7.59 5.3 5.1 8.98 28.3 0.101 
10/08/07 0 24 4.1 4.3 7.48 7.47 5.4 6 8.78 29.2 0.092 
10/09/07 0 24.3 5.4 5.4 7.58 7.61 5.3 5.7 9.03 28.7 0.123 
10/10/07 0 24 4.3 4.6 7.48 7.48   9.02 28.0  
10/11/07 0 20 5.5 5.4 7.58 7.57 4.8 5.1 9.05 24.2 0.074 
10/12/07 0 17.3 6 6.2 7.63 7.62 3.9 4.1 9.53 22.1 0.055 
10/15/07 0 18.5 6.7 6.5 7.7 7.69 2.6 2.7 8.95 23.7 0.046 
10/17/07 0 20.2 5 5.1 7.63 7.6 1.5 1.7 9.11 22.3 0.027 
10/18/07 0 22.1 4.3 4.6 7.59 7.56 1.65 1.6 8.29 24.8 0.026 
10/19/07 0 22.3 4.9 4.8 7.23 7.21 2.3 2.4 9.14 23.4 0.018 
10/22/07 0 19.1 5.6 5.8 7.48 7.45 1.4 1.7 7.95 23.3 0.018 
10/23/07 0 19.7 5.4 5.5 7.36 7.34 2.1 2.1 8.82 19.8 0.018 
10/24/07 0 20.9 5.5 5.2 7.29 7.3 1.7 1.7 7.98 23.6 0.014 
10/26/07 0 18.4 6.7 6.6 7.6 7.68 1.7 1.65   
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2007 - Cohort 7 
Date Mort. 
 
Temp 
(C) 
DO  
Sys 
(mg/L)
DO 
Cht 
(mg/L)
pH 
Sys
pH 
Cht
TAN  
Sys 
(mg/L)
TAN  
Cht 
(mg/L) 
PM 
pH 
PM  
Temp
(C) 
Union. 
Amm. 
(mg/L)
07/14/07 0 25.5 6.8 6.2 7.83 7.73 0.2 0.4   
07/15/07 0 25.8 6.5 5.8 7.8 7.72 0.3 0.6   
07/16/07 0 25 6.2 5.1 7.62 7.55 0.3 0.8 9.41 32.9 0.016 
07/17/07 1 27.4 5.3 4.1 7.63 7.57 0.3 1.1 9.01 35.4 0.027 
07/18/07 0 26.8 5.9 4.4 7.56 7.49 0.3 0.7 9.28 32.8 0.014 
07/19/07 0 27.6 5.3 4 7.45 7.44 0.3 0.8 9.55 31.4 0.015 
07/20/07 0 28.1 5.3 5.4 7.81 7.74 0.1 0.4 9.76 32.7 0.015 
07/23/07 0 25.6 7.1 7 7.88 7.86 0.3 0.4 8.9 30.5 0.016 
07/24/07 0 25.4 6.1 6.2 7.76 7.74 0.4 0.7 9.49 30.8 0.022 
07/25/07 0 25.9 6.5 6.5 8.64 8.61 0.3 0.5 9.65 31.3 0.099 
07/26/07 0 27.4 5.9 5.9 7.99 7.92 0.3 0.4 9.78 33.2 0.021 
07/27/07 0 28.3 6.3 6.1 8.34 8.22 0.4 0.55 9.74 35.5 0.058 
07/28/07 0 27.6 4.1 4.5 7.8 7.79 0.2 0.3 9.62 34.5 0.012 
07/29/07 0 27.5 5.3 5.6 7.86 7.84 0.3 0.6 9.49 34.3 0.027 
07/30/07 0 27.3 6.6 6.4 8.19 8.11 0.2 0.4 9.72 34.7 0.032 
08/01/07 0 28.3 6.8 6.4 8.64 8.56 0.2 0.3 10.01 34 0.062 
08/02/07 0 28.8 7.3 6.8 8.87 8.79 0.25 0.45 10.05 34.2 0.141 
08/03/07 0 28.3 6.4 6.1 8.67 8.56 0.1 0.3 9.95 35.1 0.062 
08/06/07 0 28.2 5 5.1 7.99 7.88 0.2 0.35 9.73 35.9 0.018 
08/07/07 0 29.5 5.5 5.4 8.3 8.19 0.2 0.4 9.85 35.5 0.043 
08/08/07 0 30.5 5.8 5.5 8.43 8.28 0.3 0.5 9.68 35.4 0.068 
08/09/07 0 30.2 4.2 4.4 7.72 7.74 0.3 0.5 9.44 35.0 0.021 
08/10/07 0 30.2 4.6 4.8 7.76 7.74 0.4 0.5 9.35 33.6 0.021 
08/11/07 0 29.9 5.3 5.1 7.75 7.73 0.35 0.5 9.29 33.1 0.021 
08/13/07 0 28.8 9.8 8.9 7.9 7.82 0.3 0.6 9.23 34.2 0.028 
08/14/07 0 28.4 6.4 5.9 8.01 7.95 0.4 0.6 9.31 33.8 0.036 
08/15/07 0 28.2 5.8 5.4 7.91 7.85 0.45 0.6 9.24 32.1 0.029 
08/16/07 0 29 5.5 5.3 7.7 7.67 0.4 0.55 9.00 34.0 0.019 
08/17/07 0 29.5 6.3 5.7 7.67 7.63 0.45 0.7 8.66 33.8 0.022 
08/18/07 0 28.3 6.2 5.8 7.64 7.63 0.5 0.6 9.18 33.5 0.018 
08/19/07 0 28.7 6.8 6.1 7.81 7.83 0.55 0.6 9.28 33.8 0.028 
08/20/07 0 28.5 3.1 3.5 7.38 7.37 0.5 0.65 9.38 34.6 0.011 
08/21/07 0 28.6 6.5 5.9 7.97 7.91 0.5 0.6 9.51 35.3 0.034 
08/22/07 0 29.1 3.6 3.9 7.66 7.62 0.5 0.6 9.39 32.1 0.018 
08/23/07 0 29.4 6.6 5.8 8.06 7.96 0.5 0.6 9.72 31.7 0.039 
08/24/07 0 28.6 4.1 4.3 7.77 7.79 0.4 0.6 9.4 31.5 0.026 
08/25/07 0 27.2 5.9 5.6 7.73 7.71 0.45 0.6 9.37 31.8 0.020 
08/26/07 0 27.5 5.8 5.5 7.83 7.82 0.45 0.5 9.38 32.5 0.021 
08/27/07 0 26.8 7.6 6.9 7.57 7.56 0.4 0.6 9.25 33.8 0.014 
08/30/07 0 28.6 5.3 5 7.78 7.67 0.6 0.7 9.49 30.8 0.023 
08/31/07 0 27.1 3.2 3.6 7.43 7.44   8.57 31.2  
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09/01/07 0 27.1 6.1 5.3 7.72 7.71 0.5 0.6 9.01 30.0 0.020 
09/03/07 0 25 3.8 4.1 7.75 7.74 0.5 0.5 8.66 31.1 0.015 
09/04/07 0 26.9 7.2 6.3 7.98 7.88   9.33 32.2  
09/07/07 0 26.7 4.8 4.6 7.36 7.13 0.45 0.5 9.49 31.1 0.004 
09/09/07 0 26.1 7.9 6.7 8.05 7.85 0.4 0.5 9.34 31.0 0.021 
09/10/07 0 26.5 5.4 4.8 7.39 7.36 2.1 2.4 7.35 29.7 0.034 
09/11/07 0 26.3 5.5 4.9 7.87 7.74 0.5 0.65 9.77 31.4 0.022 
09/12/07 0 25.3 3.6 3.8 7.43 7.41 0.4 0.45 9.23 28.5 0.007 
09/14/07 0 25.6 3.6 3.8 7.33 7.35 0.6 0.6 9.47 31.1 0.008 
09/15/07 0 23.7 3.5 3.8 7.37 7.67 0.5 0.7 8.51 26.8 0.017 
09/16/07 0 22.8 4.9 4.8 7.84 7.82 0.4 0.5 9.71 29.7 0.016 
09/17/07 0 22.3 7.3 6.6 8.64 8.43 0.4 0.5 9.91 26.8 0.056 
09/18/07 0 21.8 6 5.5 8.13 8.11 0.4 0.45 9.86 27.1 0.025 
09/21/07 0 22.7 3.8 4.1 7.5 7.51 0.55 0.6 9.59 25.8 0.009 
09/22/07 0 23.7 3.1 3.7     8.74 25.6  
09/23/07 0 25.1 3 3.6     8.36 30.9  
09/24/07 0 25.8 3.1 2.8 7.07 7.06 0.95 1.25 7.88 30.6 0.009 
09/25/07 0 25.9 2.6 2.4 7.13 7.11 2 0.35 6.97 29.1 0.003 
09/28/07 0 24.2 3.6 3.7 6.83 6.8 3 3 7.64 28.4 0.010 
09/29/07 0 21.7 3.5 3.9 7.12 7.11 4.4 4.5 8.57 28.1 0.026 
09/30/07 0 21.3 6.4 6.3 7.21 7.17 5.1 5 8.82 25.1 0.032 
10/01/07 0 19.5 6.1 6 7.53 7.53 4.4 4.5 8.72 24.9 0.058 
10/02/07 0 20.2 5.3 5.3 7.53 7.5 4.3 4.4 8.27 25.3 0.055 
10/05/07 0 23.6 4.4 5 7.39 7.41 5.3 5.2 8.74 26.2 0.068 
10/07/07 0 23.7 5.1 5.2 7.54 7.58 5.3 5.2 8.92 28.3 0.101 
10/08/07 0 24 3.7 3.5 7.47 7.44 5.4 5.7 8.74 29.2 0.082 
10/09/07 0 24.4 5.2 4.5 7.58 7.58 5.3 5.5 9.03 28.7 0.112 
10/10/07 0 24.1 4 3.8 7.47 7.47   9.03 28.0  
10/11/07 0 20 5.1 4.8 7.57 7.54 4.8 4.9 9.11 24.2 0.067 
10/12/07 0 17.3 5.8 5.8 7.62 7.62 3.9 3.9 9.53 22.1 0.052 
10/15/07 0 18.4 6.4 6 7.67 7.66 2.6 2.6 9.02 23.7 0.041 
10/17/07 0 20.2 4.6 4.5 7.57 7.58 1.5 1.8 9.11 22.3 0.027 
10/18/07 0 22.1 4.1 4.2 7.56 7.57 1.65 1.65 8.27 24.8 0.028 
10/19/07 0 22.2 4.5 4.4 7.16 7.17 2.3 2.35 9.16 23.4 0.016 
10/22/07 0 19.1 5.2 5.5 7.43 7.42 1.4 1.6 7.89 23.3 0.015 
10/23/07 0 19.7 5 5.1 7.33 7.35 2.1 2.1 8.79 19.8 0.018 
10/24/07 0 20.9 4.6 4.6 7.27 7.27 1.7 1.7 7.94 23.6 0.013 
10/26/07 0 18.4 6.5 6.3 7.6 7.58 1.7 1.6   
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2007 - Cohort 8 
Date Mort. 
 
Temp 
(C) 
DO  
Sys 
(mg/L)
DO 
Cht 
(mg/L)
pH 
Sys
pH 
Cht
TAN  
Sys 
(mg/L)
TAN  
Cht 
(mg/L) 
PM 
pH 
PM  
Temp
(C) 
Union. 
Amm. 
(mg/L)
07/14/07 0 25.5 6.8 6.1 7.92 7.78 0.200 0.3   
07/15/07 0 25.8 6.5 5.6 7.77 7.58 0.300 0.6   
07/16/07 1 25 6.1 5.4 7.61 7.6 0.300 0.8 9.42 32.9 0.018 
07/17/07 0 27.4 5.3 4.3 7.63 7.5 0.300 1 9.04 35.4 0.021 
07/18/07 0 26.9 5.9 4.6 7.56 7.45 0.300 0.5 9.35 32.8 0.009 
07/19/07 0 27.6 5.3 3.9 7.45 7.47 0.300 0.8 9.58 31.4 0.016 
07/20/07 0 28.1 5.3 5.7 7.81 7.77 0.100 0.5 9.77 32.7 0.020 
07/23/07 0 25.6 7.1 7 7.88 7.88 0.300 0.6 8.92 30.5 0.026 
07/24/07 0 25.5 6.1 6.2 7.76 7.76 0.400 0.7 9.5 30.8 0.023 
07/25/07 0 25.9 6.5 6.5 8.64 8.62 0.300 0.5 9.66 31.3 0.101 
07/26/07 0 27.4 5.9 6 7.99 7.97 0.300 0.5 9.79 33.2 0.030 
07/27/07 0 28.3 6.3 6.1 8.34 8.3 0.400 0.5 9.76 35.5 0.063 
07/28/07 0 27.6 4.1 4.5 7.8 7.8 0.200 0.3 9.65 34.5 0.012 
07/29/07 0 27.5 5.3 5.6 7.89 7.88 0.300 0.4 9.5 34.3 0.020 
07/30/07 0 27.3 6.6 6.4 8.19 8.13 0.200 0.5 9.73 34.7 0.041 
08/01/07 0 28.3 6.8 6.4 8.64 8.6 0.200 0.2 9.99 34 0.044 
08/02/07 0 28.9 7.3 6.9 8.87 8.82 0.250 0.35 10.05 34.2 0.116 
08/03/07 0 28.4 6.4 6.1 8.67 8.63 0.100 0.4 9.97 35.1 0.094 
08/06/07 0 28.2 5 5.3 7.99 7.98 0.200 0.45 9.78 35.9 0.029 
08/07/07 1 29.5 5.5 5.7 8.3 8.29 0.200 0.4 9.85 35.5 0.053 
08/08/07 0 30.5 5.8 5.7 8.43 8.42 0.300 0.6 9.7 35.4 0.108 
08/09/07 0 30.2 4.2 4.6 7.72 7.75 0.300 0.6 9.49 35.0 0.026 
08/10/07 0 30.2 4.6 5 7.76 7.77 0.400 0.6 9.36 33.6 0.028 
08/11/07 0 29.9 5.3 5.3 7.75 7.76 0.350 0.55 9.33 33.1 0.024 
08/13/07 0 28.8 9.8 9.2 7.9 7.87 0.300 0.65 9.31 34.2 0.034 
08/14/07 0 28.4 6.4 6.1 8.01 7.96 0.400 0.65 9.34 33.8 0.040 
08/15/07 0 28.3 5.8 5.7 7.91 7.89 0.450 0.7 9.25 32.1 0.037 
08/16/07 0 29 5.5 5.4 7.7 7.71 0.400 0.55 9.02 34.0 0.020 
08/17/07 0 29.5 6.3 5.9 7.67 7.66 0.450 0.7 8.68 33.8 0.024 
08/18/07 0 28.3 6.2 5.8 7.64 7.65 0.500 0.6 9.18 33.5 0.019 
08/19/07 0 28.7 6.8 6.3 7.91 7.88 0.550 0.65 9.30 33.8 0.034 
08/20/07 0 28.5 3.1 3.6 7.38 7.37 0.500 0.6 9.41 34.6 0.010 
08/21/07 0 28.6 6.5 6 7.97 7.95 0.500 0.6 9.53 35.3 0.037 
08/22/07 0 29.1 3.6 4 7.66 7.65 0.500 0.55 9.44 32.1 0.018 
08/23/07 0 29.4 6.6 5.9 8.06 8.04 0.500 0.6 9.73 31.7 0.047 
 
 
238 
 
 
 
 
 
 
 
 
08/24/07 0 28.6 4.1 4.9 7.77 7.79 0.400 0.55 9.41 31.5 0.024 
08/25/07 0 27.2 5.9 5.7 7.73 7.72 0.450 0.65 9.4 31.8 0.022 
08/26/07 0 28.5 5.8 5.5 7.83 7.84 0.450 0.55 9.39 32.5 0.026 
08/27/07 0 26.8 6.9 7.2 7.57 7.56 0.400 0.6 9.28 33.8 0.014 
08/30/07 0 28.6 5.3 5.2 7.78 7.74 0.600 0.7 9.52 30.8 0.027 
08/31/07 0 27.1 3.2 3.8 7.43 7.41   8.64 31.2  
09/01/07 0 27.1 6.1 5.8 7.72 7.73 0.500 0.6 9.04 30.0 0.021 
09/03/07 0 25 3.8 4.4 7.75 7.74 0.500 0.55 8.8 31.1 0.017 
09/04/07 0 26.9 7.2 6.6 7.98 8.01   9.35 32.2  
09/07/07 0 26.7 4.8 4.9 7.36 7.35 0.450 0.75 9.55 31.1 0.011 
09/09/07 0 26.1 7.9 7.1 8.05 7.95 0.400 0.5 9.47 31.0 0.026 
09/10/07 0 26.5 5.4 5.3 7.39 7.4 2.100 2.2 7.58 29.7 0.034 
09/11/07 0 26.3 5.5 5.4 7.87 7.84 0.500 0.7 9.8 31.4 0.029 
09/12/07 0 25.3 3.6 4.2 7.43 7.42 0.400 0.5 9.27 28.5 0.008 
09/14/07 0 25.6 3.6 4.2 7.33 7.36 0.600 0.55 9.53 31.1 0.007 
09/15/07 0 23.7 3.5 4 7.37 7.37 0.500 0.6 8.54 26.8 0.007 
09/16/07 0 22.8 4.9 5.2 7.84 4.83 0.400 0.5 9.75 29.7 0.000 
09/17/07 0 22.3 7.3 7 8.64 8.62 0.400 0.45 9.93 26.8 0.074 
09/18/07 1 21.8 6 6 8.13 8.11 0.400 0.5 9.86 27.1 0.028 
09/21/07 0 22.7 3.8 4.4 7.5 7.52 0.550 0.6 9.67 25.8 0.009 
09/22/07 0 23.7 3.1 3.9     8.83 25.6  
09/23/07 0 25.1 3 3.8     8.5 30.9  
09/24/07 0 25.8 3.1 3.4 7.07 7.06 0.950 1.2 8.12 30.6 0.008 
09/25/07 0 25.9 2.6 3 7.13 7.14 2.000 2.3 7.07 29.1 0.019 
09/28/07 0 24.2 3.6 4 6.83 6.84 3.000 3 7.72 28.4 0.011 
09/29/07 0 21.7 3.5 4.2 7.12 7.14 4.400 4.4 8.6 28.1 0.027 
09/30/07 0 21.3 6.4 6.5 7.21 7.21 5.100 5.4 8.91 25.1 0.038 
10/01/07 0 19.5 6.1 6.4 7.53 7.54 4.400 4.4 8.78 24.9 0.058 
10/02/07 0 20.2 5.3 5.4 7.53 7.52 4.300 4.4 8.32 25.3 0.058 
10/05/07 0 23.6 4.4 5.2 7.39 7.41 5.300 5.2 8.83 26.2 0.068 
10/07/07 0 23.7 5.1 5.3 7.54 7.57 5.3 6 9.02 28.3 0.113 
10/08/07 0 24 3.3 3.6 7.45 7.46 5.4 5.5 8.82 29.2 0.083 
10/09/07 0 24.4 5.2 5.2 7.58 7.6 5.3 5.4 8.98 28.7 0.115 
10/10/07 0 24.1 4 4.3 7.47 7.47 0 0 9.04 28.0 0.000 
10/11/07 0 20 5.1 5.3 7.57 7.56 4.8 5.2 9.12 24.2 0.074 
10/12/07 0 17.3 5.8 5.9 7.62 7.63 3.9 3.8 9.55 22.1 0.052 
10/15/07 0 18.4 6.4 6.3 7.67 7.67 2.6 2.7 9.05 23.7 0.044 
10/17/07 0 20.2 4.6 4.7 7.59 7.56 1.5 1.7 9.17 22.3 0.025 
10/18/07 0 22.1 4.1 4.5 7.56 7.54 1.65 1.65 8.37 24.8 0.026 
10/19/07 0 22.2 4.5 4.9 7.16 7.22 2.3 2.3 9.17 23.4 0.018 
10/22/07 0 19.1 5.2 5.7 7.43 7.45 1.4 1.5 7.99 23.3 0.016 
10/23/07 0 19.7 5 5.4 7.33 7.34 2.1 2.1 8.88 19.8 0.018 
10/24/07 0 20.9 4.6 5 7.27 7.29 1.7 1.6 7.98 23.6 0.013 
10/26/07 0 18.4 6.5 6.6 7.6 7.61 1.7 1.7   
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2007 - Cohort 9 
Date Mort. 
 
Temp 
(C) 
DO  
Sys 
(mg/L)
DO 
Cht 
(mg/L)
pH 
Sys
pH 
Cht
TAN  
Sys 
(mg/L)
TAN  
Cht 
(mg/L) 
PM 
pH 
PM  
Temp
(C) 
Union. 
Amm. 
(mg/L)
07/14/07 0 25.5 6.7 6.1 7.93 7.82 0.2 0.5    
07/15/07 0 25.8 6.5 5.6 7.77 7.67 0.3 0.5    
07/16/07 0 25 6 5.3 7.59 7.56 0.3 0.8 9.42 32.9 0.016 
07/17/07 1 27.4 5 4 7.63 7.6 0.3 0.7 9.1 35.4 0.018 
07/18/07 0 26.9 5.7 4.6 7.54 7.5 0.3 0.5 9.37 32.8 0.010 
07/19/07 0 27 4.8 4 7.49 7.49 0.3 0.6 9.59 31.4 0.012 
07/20/07 0 28.1 5.4 5.5 7.81 7.77 0.1 0.4 9.78 32.7 0.016 
07/23/07 0 25.6 7 6.9 7.9 7.89 0.3 0.5 8.92 30.5 0.022 
07/24/07 0 25.4 6.3 6.2 7.78 7.77 0.4 0.8 9.48 30.8 0.027 
07/25/07 0 25.9 6.2 6.4 8.62 8.56 0.3 0.5 9.65 31.3 0.090 
07/26/07 0 27.3 5.7 5.8 8 7.99 0.3 0.4 9.78 33.2 0.025 
07/27/07 1 28.3 6.3 6.2 8.39 8.33 0.4 0.5 9.78 35.5 0.066 
07/28/07 0 27.6 4.1 4.6 7.8 7.81 0.2 0.3 9.63 34.5 0.013 
07/29/07 0 27.5 5.3 5.6 7.9 7.87 0.3 0.4 9.51 34.3 0.019 
07/30/07 0 27.3 6.7 6.5 8.17 8.11 0.2 0.3 9.72 34.7 0.024 
08/01/07 0 28.3 6.9 6.6 8.66 8.56 0.2 0.2 9.98 34 0.041 
08/02/07 0 28.9 7.6 6.9 8.94 8.87 0.25 0.4 10.05 34.2 0.143 
08/03/07 0 28.3 6.4 6.2 8.69 8.6 0.1 0.35 9.97 35.1 0.078 
08/06/07 0 28.2 4.9 5.4 8.02 7.97 0.2 0.5 9.75 35.9 0.031 
08/07/07 0 29.5 5.7 5.5 8.34 8.26 0.2 0.4 9.86 35.5 0.050 
08/08/07 0 30.5 5.8 5.6 8.45 8.36 0.3 0.6 9.72 35.4 0.096 
08/09/07 0 30.2 4 4.6 7.74 7.72 0.3 0.55 9.48 35.0 0.023 
08/10/07 0 30.2 4.5 4.9 7.82 7.77 0.4 0.5 9.37 33.6 0.023 
08/11/07 0 29.9 5.4 5.3 7.77 7.78 0.35 0.65 9.31 33.1 0.030 
08/13/07 0 28.7 9.9 9 7.95 7.96 0.3 0.5 9.31 34.2 0.031 
08/14/07 0 28.4 6.5 6.1 8.01 7.99 0.4 0.7 9.33 33.8 0.046 
08/15/07 0 28.3 5.9 5.7 7.93 7.88 0.45 0.6 9.24 32.1 0.031 
08/16/07 0 29 5.5 5.4 7.76 7.71 0.4 0.6 9.03 34.0 0.022 
08/17/07 0 29.5 6.3 5.9 7.69 7.66 0.45 0.5 8.67 33.8 0.017 
08/18/07 0 28.3 6.1 5.9 7.68 7.65 0.5 0.7 9.17 33.5 0.022 
08/19/07 0 28.7 6.9 6.2 7.92 7.87 0.55 0.7 9.29 33.8 0.036 
08/20/07 0 28.5 3.1 3.5 7.41 7.39 0.5 0.7 9.40 34.6 0.012 
08/21/07 0 28.6 6.6 5.9 8.01 7.93 0.5 0.65 9.51 35.3 0.038 
08/22/07 0 29.1 3.5 4.1 7.65 7.65 0.5 0.6 9.41 32.1 0.020 
08/23/07 0 29.4 6.7 5.8 8.08 8.01 0.5 0.7 9.68 31.7 0.051 
08/24/07 0 28.6 4.2 4.3 7.74 7.77 0.4 0.7 9.39 31.5 0.029 
08/25/07 0 27.2 6.1 5.7 7.72 7.71 0.45 0.65 9.4 31.8 0.021 
08/26/07 0 27.5 5.9 5.6 7.82 7.81 0.45 0.55 9.4 32.5 0.023 
08/27/07 2 26.9 7.8 7 7.6 7.59 0.4 0.65 9.28 33.8 0.016 
08/30/07 0 28.6 5.2 5.4 7.73 7.72 0.6 0.65 9.51 30.8 0.024 
08/31/07 0 27.1 3.3 3.9 7.41 7.42   8.64 31.2  
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09/01/07 0 27.1 6.1 5.7 7.75 7.76 0.5 0.55 9.03 30.0 0.020 
09/03/07 0 25 3.7 4.1 7.76 7.78 0.5 0.6 8.81 31.1 0.020 
09/04/07 0 26.9 7.3 6.3 8.02 8   9.34 32.2  
09/07/07 0 26.7 4.9 4.8 7.42 7.37 0.45 0.75 9.47 31.1 0.011 
09/09/07 0 26.2 7.8 6.8 8.1 7.93 0.4 0.6 9.39 31.0 0.030 
09/10/07 0 26.5 5.5 5.1 7.41 7.39 2.1 2.2 7.58 29.7 0.034 
09/11/07 0 26.3 5.6 5.2 7.92 7.8 0.5 0.6 9.75 31.4 0.023 
09/12/07 0 25.3 3.8 3.9 7.48 7.45 0.4 0.5 9.23 28.5 0.008 
09/14/07 0 25.6 3.5 3.8 7.35 7.36 0.6 0.7 9.49 31.1 0.009 
09/15/07 0 23.7 3.6 4.2 7.37 7.39 0.5 0.75 8.49 26.8 0.009 
09/16/07 0 22.7 5.1 5.3 7.83 7.82 0.4 0.5 9.72 29.7 0.015 
09/17/07 0 22.3 7.7 6.8 8.67 8.56 0.4 0.45 9.9 26.8 0.065 
09/18/07 0 21.8 6.2 5.9 8.15 8.08 0.4 0.4 9.87 27.1 0.021 
09/21/07 0 22.7 3.8 4.3 7.51 7.52 0.55 0.5 9.62 25.8 0.008 
09/22/07 0 23.7 3.1 3.3     8.82 25.6  
09/23/07 0 25.1 3 3.5     8.5 30.9  
09/24/07 0 25.8 2.8 3.1 7.15 7.1 0.95 1.4 8.11 30.6 0.011 
09/25/07 0 25.9 2.4 2.9 7.13 7.13 2 2.3 7.07 29.1 0.019 
09/28/07 0 24.2 3.4 3.9 6.87 6.86 3 3 7.74 28.4 0.012 
09/29/07 0 21.7 3.3 4.1 7.18 7.17 4.4 4.4 8.55 28.1 0.029 
09/30/07 0 21.3 6.4 6.3 7.24 7.22 5.1 5.2 8.83 25.1 0.037 
10/01/07 0 19.5 6.1 6.2 7.53 7.54 4.4 4.5 8.71 24.9 0.059 
10/02/07 0 20.2 5.4 5.3 7.55 7.52 4.3 4.4 8.26 25.3 0.058 
10/05/07 0 23.6 4.3 4.7 7.39 7.42 5.3 5.4 8.77 26.2 0.072 
10/07/07 0 23.7 5 5 7.55 7.56 5.3 5.4 8.97 28.3 0.100 
10/08/07 0 24 3.5 3.6 7.46 7.44 5.4 5.5 8.28 29.2 0.079 
10/09/07 0 24.4 5.1 4.9 7.61 7.58 5.3 5.4 8.93 28.7 0.110 
10/10/07 0 24.1 3.7 3.9 7.54 7.46   9.01 28.0  
10/11/07 0 20 4.9 5.2 7.58 7.59 4.8 5 9.05 24.2 0.076 
10/12/07 0 17.3 5.6 5.8 7.62 7.66 3.9 3.9 9.54 22.1 0.057 
10/15/07 0 18.4 6.1 5.8 7.64 7.63 2.6 2.7 9.05 23.7 0.040 
10/17/07 0 20.2 4.2 4.5 4.56 7.58 1.5 1.6 9.15 22.3 0.024 
10/18/07 0 22.1 3.8 4.2 7.57 7.54 1.65 1.6 8.26 24.8 0.025 
10/19/07 0 22.2 4.1 4.4 7.15 7.16 2.3 2.4 9.14 23.4 0.016 
10/22/07 0 19.1 5.1 5.4 7.43 7.39 1.4 1.6 7.93 23.3 0.014 
10/23/07 0 19.7 5 5.1 7.34 7.33 2.1 2.1 8.66 19.8 0.017 
10/24/07 0 20.9 4.5 4.7 7.29 7.28 1.7 1.65 7.94 23.6 0.013 
10/26/07 0 18.4 6.4 6.3 7.59 7.53 1.7 1.75    
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2007 - System 
Flow Rates (gpm)  
Cohort 3-hp Blower 3-hp blower + 
0.75-hp axial flow pumps
1 42.0 329.4 
2 43.1 328.4 
3 48.3 330.9 
4 42.7 343.1 
5 33.4 324.6 
6 38.4 333.0 
7 40.3 336.9 
8 46.0 356.3 
9 57.0 330.9 
 
 
 
 
Date 
Alkalinity 
(mg/L as CaCO3) 
7/18/2007 94.2 
7/25/2007 87.4 
8/1/2007 85.1 
8/8/2007 80.6 
10/24/2007 73.2 
 
Date Nitrites 
(mg/L) 
7/18/2007 0.069 
7/25/2007 0.066 
8/1/2007 0.066 
8/8/2007 0.066 
 
Date NaCl 
(mg/L) 
7/18/2007 84.7 
7/25/2007 75.0 
8/1/2007 75.0 
8/8/2007 76.4 
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Date 
Chlorides 
(mg/L) 
7/18/2007 50.8 
7/25/2007 45.0 
8/1/2007 45.0 
8/8/2007 45.8 
 
2008 - Cohort 1 
Date Mort. 
 
Temp 
(C) 
DO  
Sys 
(mg/L)
DO 
Cht 
(mg/L)
pH 
Sys
pH 
Cht
TAN  
Sys 
(mg/L)
TAN  
Cht 
(mg/L) 
PM 
pH 
PM  
Temp
(C) 
Union. 
Amm. 
(mg/L)
05/31/08 0 27.2 5.1 5.4 6.56 6.62 0.5 0.3    
06/01/08 1 27 4.9 5.1 6.59 6.66 0.7 0.8    
06/02/08 0 25.7 6 6.1 6.57 6.6 0.5 0.5 31.7 9.140 0.278 
06/03/08 0 26.4 5.7 5.8 6.29 6.27 0.65 0.6 33.3 9.290 0.397 
06/04/08 0 28 5.2 5.3 6.29 6.25 0.55 0.6 33.4 8.920 0.274 
06/05/08 0 28.4 5.4 5.5 6.29 6.36 0.6 0.7 34.2 8.950 0.341 
06/06/08 0 27.9 4.9 4.9 6.67 6.58 0.65 0.6 36.1 8.810 0.263 
06/07/08 1 29.6 4.5 4.4 6 5.97 0.7 0.6 34.7 8.530 0.163 
06/08/08 1 29.3 4.5 4.3 5.85 5.85 0.7 0.7 36.3 8.570 0.219 
06/09/08 6 29.7 4.5 4.3 5.85 5.79 0.5 0.6 36.6 8.660 0.218 
06/10/08 1 29.6 4 4.8 5.95 5.93 0.6 0.4 34.7 8.470 0.098 
06/11/08 1 29.2 4.8 5 6.23 6.16 0.7 0.8 34.9 8.760 0.313 
06/12/08 0 28.7 4.7 4.8 6.44 6.42 0.6 0.75 33.3 8.510 0.184 
06/14/08 8 28.4 5.6 5.4 6.67 6.91 0.6 0.4 31.9 8.340 0.067 
06/15/08 14 27.5 4.9 4.9 6.42 6.4 0.65 0.8 32.3 7.870 0.052 
06/16/08 10 28.4 4.9 4.6 6.34 6.31 0.5 0.5 32 7.270 0.008 
06/17/08 6 28 5 4.7 6.43 6.34 0.5 0.6 31.9 7.970 0.047 
06/18/08 11 25.1 5.7 5.6 6.44 6.41 0.35 0.75 29.5 7.050 0.006 
06/19/08 10 24.4 6.1 5.9 6.46 6.42 0.65 0.75 29.4 7.590 0.022 
06/20/08 7 25.1 6.2 5.8 6.56 6.46 0.6 0.7 29 8.560 0.150 
06/22/08 5 26.7 5.9 5.6 6.8 6.92 0.65 0.7 30.2 8.530 0.152 
06/23/08 1 26.5 6.2 5.8 6.47 6.49 0.5 0.6 29.4 8.720 0.173 
06/24/08 1 26.1 6.3 5.7 6.75 6.73 0.4 0.4 30.7 9.110 0.208 
06/25/08 1 27.2 6 5.2 7.5 7.51 0.6 0.7 32.4 9.220 0.428 
06/26/08 0 27 5.7 5.5 7.3 7.29 0.6 0.7 31.1 8.510 0.153 
06/27/08 0 27.7 5.9 5.8 7.32 7.27 0.5 0.6 33.00 9.760 0.510 
06/28/08 0 27.9 6 5.8 8.26 8.18      
06/29/08 0 27.6 5.8 5.7 8.24 8.16      
06/30/08 0 26.7 5.7 5.6 8.02 7.96 0.75 0.7 30.30 9.500 0.505 
07/01/08 0 24.4 5.1 5.1 8.36 8.27 0.5 0.55 31.50 9.550 0.418 
07/02/08 0 25 5 4.9 8.21 8.11 0.6 0.65 32.10 9.470 0.476 
07/03/08 0 26.1 4.9 4.9 7.87 7.71 0.4 0.4 31.6 9.220 0.239 
07/04/08 0  4.8 4.9        
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07/05/08 0 27.2 4.4 4.2        
07/06/08 0 27.3 4.4 4.2        
07/07/08 7 26.7 4.8 4.6 7.52 7.35 0.45 0.5 33.6 9.290 0.333 
07/09/08 40 28.8 3.8 3.8 7.41 7.32 0.7 0.5 32.7 9.120 0.280 
07/10/08 25 28.2 4 3.9 7.3 7.2 0.6 0.5 32 9.070 0.260 
07/11/08 0 28 4.7 4.6 7.4 7.31 0.55 0.6 35 9.540 0.478 
07/12/08 0 29.2 4.6 4.6 7.52 7.52 0.6 0.7 36 9.530 0.562 
07/13/08 0 28.7 4.2 4.2 7.39 7.37      
07/14/08 0 28.2 4.2 4.2 7.03 7.05 0.7 0.7 34.6 9.200 0.444 
07/16/08 0 28 3.7 3.7 7.28 7.27 0.7 0.7 32.6 8.900 0.303 
07/17/08 0 27 3.8 3.8 7.26 7.29 1.3 1.2 32 7.870 0.077 
07/18/08 0 26.5 3.3 3.3 6.94 6.93 2.1 1.8 33 7.520 0.057 
07/19/08 0 28 3.2 3.2 6.83 6.8 2.8 2.7    
07/21/08 0 29.5 4.1 4.1 6.98 6.9 4.5 4.6 35.4 8.660 1.591 
07/22/08 0 27.9 4.3 4.3 7.2 7.12 3.6 3.8 32.8 9.050 1.984 
07/23/08 0 27.4 5.3 5.2 7.43 7.48 2.7 2.7 31.3 9.010 1.279 
07/24/08 0 26.5 5.5 5.4 7.32 7.3 2.2 2.2 32.6 9.560 1.710 
07/25/08 0 27.4 4.2 4.4 7.56 7.59 1.5 1.1 30.5 9.440 0.766 
07/26/08 0 27.4 4 4 7.36 7.35 1.5 1.3 30.8 8.990 0.590 
07/28/08 0 28.4 5.2 5.2 7.24 7.25 1.8 2 31.3 7.540 0.059 
07/29/08 1 29.1 4.8 4.7 7.19 7.22 1.9 2.1 33.1 7.780 0.119 
07/30/08 1 29.8 4.7 4.5 7.21 7.22 2.3 2.4 35.5 9.600 1.974 
07/31/08 0 29.3 4.2 4.2 7.36 7.42 2 2 34.6 9.350 1.421 
08/01/08 0 28.7 4.3 4.3 7.33 7.37 1.7 1.7 34.4 9.630 1.398 
08/03/08 0 28.9 4.9 4.8 7.56 7.54 0.4 0.5 34.7 10.040 0.462 
08/04/08 0 28.7 4.6 4.6 7.7 7.69 0.5 0.3 34.7 10.110 0.280 
08/05/08 0 28.9 4.5 4.5 7.63 7.67 0.6 0.4 34.3 9.940 0.361 
 
2008 - Cohort 2 
Date Mort. 
 
Temp 
(C) 
DO  
Sys 
(mg/L)
DO 
Cht 
(mg/L)
pH 
Sys
pH  
Cht 
TAN  
Sys 
(mg/L)
TAN  
Cht 
(mg/L) 
PM 
pH 
PM  
Temp
(C) 
Union. 
Amm. 
(mg/L)
05/31/08 22 27.3 4.5 4.6 6.56 6.56 0.5 0.4    
06/01/08 0 27 4.3 4.2 6.58 6.57 0.7 0.7    
06/02/08 4 25.4 5.6 5.3 6.63 6.58 0.5 0.5 31.9 9.27 0.315 
06/03/08 2 27 5.1 4.7 6.4 6.36 0.65 0.65 33 9.25 0.414 
06/04/08 4 28.2 4.8 4.5 6.41 6.35 0.55 0.5 33.4 9.12 0.286 
06/05/08 1 28.4 5.1 4.6 6.5 6.27 0.6 0.7 34.4 8.95 0.344 
06/06/08 0 29 4.4 3.9 6.18 6.25 0.65 0.7 36.1 8.83 0.315 
06/07/08 11 29.8 4 3.3 6.02 5.93 0.7 0.8 34.8 8.59 0.242 
06/08/08 13 29.9 3.8 3.1 5.89 5.83 0.7 0.8 36.2 8.53 0.234 
06/09/08 21 30.3 3.7 2.8 5.89 5.81 0.5 0.6 36.6 8.8 0.265 
06/10/08 0 30 4 4.7 5.95 5.98 0.6 0.4 34.9 8.53 0.110 
06/11/08 1 29.1 4.7 5.1 6.17 6.14 0.7 0.8 34.8 8.8 0.330 
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06/12/08 0 28.5 4.6 5 6.42 6.41 0.6 0.75 33.5 8.71 0.258 
06/14/08 7 28.7 5.3 4.8 6.62 6.62 0.6 0.45 31.9 8.51 0.103 
06/15/08 49 27.6 4.2 3.5 6.41 6.4 0.65 0.8 32.3 8.09 0.083 
06/16/08 40 28.6 4.1 3.4 6.38 6.32 0.5 0.55 32 7.19 0.008 
06/17/08 14 28.3 4.5 3.2 6.48 6.41 0.5 0.6 31.8 7.7 0.027 
06/18/08 6 25.3 5.2 4 6.43 6.42 0.65 0.7 29.6 7.1 0.007 
06/19/08 9 24.7 5.5 4.7 6.49 6.44 0.65 0.8 29.4 7.7 0.030 
06/20/08 5 25.2 5.9 4.9 6.67 6.59 0.6 0.65 28.9 8.5 0.124 
06/22/08 1 26.9 5.6 4.5 6.72 6.75 0.65 0.65 30.3 8.6 0.147 
06/23/08 1 26.7 5.9 4.8 6.63 6.56 0.5 0.55 29.3 8.7 0.148 
06/24/08 0 26.2 6.2 5.2 6.8 6.79 0.4 0.5 30.7 9.0 0.232 
06/25/08 0 27.1 5.8 4.8 7.49 7.47 0.6 0.65 324 9.2 0.650 
06/26/08 1 27 5.3 5.1 7.26 7.24 0.6 0.6 31 8.6 0.156 
06/27/08 0 27.7 5.8 5.7 7.22 7.27 0.5 0.55 32.70 9.6 0.443 
06/28/08  27.8 5.9 5.8 8.31 8.25      
06/29/08  27.5 5.7 5.5 8.27 8.23      
06/30/08 0 26.7 5.6 5.4 8.05 7.99 0.75 0.7 30.30 9.6 0.527 
07/01/08 0 24.3 5.3 5.3 8.35 8.31 0.5 0.6 31.40 9.5 0.445 
07/02/08 0 24.9 5.2 5.1 8.2 8.09 0.6 0.6 31.80 9.4 0.429 
07/03/08 0 26 5.1 5.1 7.82 7.733 0.4 0.4 31.6 9.2 0.235 
07/04/08   5.3 5.2        
07/05/08  27.2 4.6 4.4        
07/06/08  27.3 4.7 4.6        
07/07/08 3 26.6 5.1 5 7.49 7.32 0.45 0.4 33.6 9.3 0.258 
07/09/08 60 28.7 3.9 3.9 7.32 7.43 0.7 0.6 32.6 9.2 0.345 
07/10/08 25 28.2 3.9 3.7 7.3 7.27 0.6 0.5 31.9 9.1 0.268 
07/11/08 0 28 4.6 4.6 7.26 7.33 0.55 0.7 34.9 9.3 0.497 
07/12/08 0 29.2 4.6 4.6 7.49 7..53 0.6 0.65 35.9 9.6 0.526 
07/13/08 0 28.7 3.9 3.8 7.39 7.35      
07/14/08 0 28.2 4 3.9 7.02 7.04 0.7 0.7 34.5 9.2 0.436 
07/16/08 0 27.9 3.7 3.7 7.18 7.23 0.7 0.65 32.5 9.0 0.306 
07/17/08 0 26.9 3.6 3.5 7.19 7.25 1.3 1.3 32 8.0 0.112 
07/18/08 0 26.5 3.3 3.2 6.94 6.96 2.1 2.1 32.9 7.3 0.039 
07/19/08 0 28 3 3 6.83 6.81 2.8 2.8    
07/20/08       4.3 4.2    
07/21/08 0 29.5 4.1 4.1 6.93 7 4.5 4.6 35.4 8.3 0.847 
07/22/08 0 27.9 4.3 4.2 7.11 7.18 3.6 3.7 32.8 9.1 2.100 
07/23/08 0 27.4 4.6 4.6 7.48 7.55 2.7 2.7 31.4 9.1 1.439 
07/24/08 0 26.5 5.3 5.3 7.33 7.34 2.2 2.2 32.7 9.6 1.763 
07/25/08 0 27.5 3.9 3.9 7.5 7.55 1.5 1.3 30.5 9.5 0.942 
07/26/08 0 27.3 3.8 3.7 7.34 7.36 1.5 1.3 30.8 9.0 0.583 
07/28/08 1 28.3 5.7 5.4 7.29 7.26 1.8 2 31.3 7.6 0.063 
07/29/08 0 29.1 5.4 4.9 7.26 7.25 1.9 2.1 33.2 7.9 0.151 
07/30/08 1 29.7 5.1 4.7 7.27 7.26 2.3 2.4 35.5 9.6 1.974 
07/31/08 0 29.3 4.2 4.1 7.31 7.36 2 2.1 34.5 9.4 1.509 
08/01/08 0 28.7 4.4 4.3 7.31 7.36 1.7 1.6 34.3 9.7 1.340 
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08/03/08 0 28.9 4.9 4.9 7.6 7.62 0.4 0.5 34.7 10.1 0.468 
08/04/08 0 28.5 4.7 4.6 7.62 7.68 0.5 0.3 34 10.1 0.281 
08/05/08 0 28.8 4.8 4.5 7.61 7.63 0.6 0.55 34.2 10.0 0.501 
 
2008 - Cohort 3 
Date Mort. 
 
Temp 
(C) 
DO  
Sys 
(mg/L)
DO 
Cht 
(mg/L)
pH 
Sys
pH 
Cht
TAN  
Sys 
(mg/L)
TAN  
Cht 
(mg/L) 
PM 
pH 
PM  
Temp
(C) 
Union. 
Amm. 
(mg/L)
05/31/08 1 27.3 4.4 4.5 6.63 6.7 0.5 0.3    
06/01/08 0 26.8 4.1 4.2 6.57 6.68 0.7 0.7    
06/02/08 2 25.6 5.5 5.5 6.65 6.74 0.5 0.5 31.6 9.39 0.344 
06/03/08 0 27.2 4.8 4.9 6.52 6.54 0.65 0.6 33 9.38 0.422 
06/04/08 2 28.4 4.7 4.7 6.54 6.53 0.55 0.6 33.5 9.14 0.351 
06/05/08 2 28.5 4.7 4 6.42 6.28 0.6 0.7 34.1 9.04 0.377 
06/06/08 1 29.2 4.1 3.2 6.09 6.06 0.65 0.6 36 8.84 0.273 
06/07/08 3 39.7 3.6 2.8 6.11 6.07 0.7 0.9 34.8 8.72 0.332 
06/08/08 3 30.2 3.4 2.4 5.93 5.87 0.7 0.8 36.2 8.57 0.249 
06/09/08 9 30.4 3.3 2 5.99 5.93 0.5 0.75 36.7 8.83 0.345 
06/10/08 0 30 3.9 4.1 6.06 6.04 0.6 0.5 34.9 8.71 0.182 
06/11/08 0 28.6 4.9 5.5 6.18 6.18 0.7 0.8 34.8 8.79 0.325 
06/12/08 0 28.4 4.7 5.1 6.4 6.37 0.6 0.7 33.6 8.83 0.287 
06/14/08 10 28.9 5.1 4.3 6.59 6.5 0.6 0.6 31.9 8.61 0.163 
06/15/08 17 27.7 3.9 2.9 6.35 6.37 0.65 0.75 32.3 8.22 0.101 
06/16/08 9 28.6 3.4 2.4 6.34 6.32 0.5 0.6 32 7.44 0.015 
06/17/08 2 28.3 3.6 2.6 6.44 6.39 0.5 0.6 31.7 7.6 0.020 
06/18/08 1 25.4 4.7 4.1 6.41 6.39 0.65 0.75 29.7 7.2 0.008 
06/19/08 3 24.9 5 4 6.52 6.49 0.65 0.9 29.6 7.8 0.043 
06/20/08 1 25.3 5.4 3.8 6.65 6.64 0.6 0.65 29.2 8.5 0.126 
06/22/08 1 26.9 5.3 3.6 6.71 6.69 0.65 0.65 30.3 8.6 0.157 
06/23/08 0 26.7 5.6 4.4 6.72 6.67 0.5 0.55 29.4 8.8 0.183 
06/24/08 0 26.1 6.1 5.6 6.8 6.76 0.4 0.4 30.7 9.2 0.220 
06/25/08 0 27 5.4 5 7.44 7.52 0.6 0.8 32.7 9.4 0.551 
06/26/08 0 27.1 4.5 4.3 7.19 7.25 0.6 0.6 31.2 8.8 0.207 
06/27/08 1 27.7 5.4 5.2 7.21 7.29 0.55 0.6 32.70 9.7 0.491 
06/28/08 0 27.9 5.7 5.6 8.43 8.38      
06/29/08 0 27.5 5.4 5.3 8.33 8.3      
06/30/08 0 26.6 5.3 5.2 8.19 8.09 0.75 0.7 30.20 9.5 0.501 
07/01/08 0 24.3 5.4 5.4 8.38 8.33 0.5 0.6 31.40 9.6 0.463 
07/02/08 0 24.9 5.3 5.2 8.22 8.13 0.6 0.6 31.90 9.5 0.435 
07/03/08 0 26 5.2 5.2 7.89 7.79 0.4 0.45 31.5 9.2 0.273 
07/04/08 0  5.3 5.2        
07/05/08 0 27.2 4.7 4.6        
07/06/08 0 27.3 4.6 4.6        
07/07/08 4 26.6 5.3 5.1 7.45 7.35   0.7 33.5 9.3 0.466 
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07/09/08 90 28.8 3.9 4 7.3 7.38 0.7 0.5 32.6 9.1 0.285 
07/10/08 30 28.2 3.6 3.3 7.34 7.31 0.6 0.55 31.7 9.1 0.299 
07/11/08 0 28 4.4 4.3 7.24 7.35 0.55 0.6 35 9.4 0.432 
07/12/08 0 29.2 4.5 4.5 7.53 7.55 0.6 0.7 35.9 9.5 0.559 
07/13/08 0 28.7 3.5 3.4 7.39 7.41      
07/14/08 0 28.2 4 4 7.04 7.07 0.7 0.7 34.2 9.3 0.459 
07/16/08 0 28 3.4 3.3 7.14 7.21 0.7 0.7 32.5 9.0 0.350 
07/17/08 0 27 3.8 3.3 7.11 7.21 1.3 1.4 31.9 8.0 0.125 
07/18/08 0 26.6 3.3 3.3 6.88 6.93 2.1 2.2 32.9 7.4 0.049 
07/19/08 0 28 2.7 2.4 6.78 6.82 2.8 2.8    
07/20/08 0      4.3 4.4    
07/21/08 0 29.5 3.9 3.7 6.93 6.92 4.3 4.5 35.4 8.8 1.849 
07/22/08 0 27.9 4 3.9 7.08 7.15 3.6 3.7 32.7 9.1 2.052 
07/23/08 0 27.5 4.4 4.3 7.4 7.42 2.7 2.9 31.4 9.1 1.479 
07/24/08 0 26.5 5.1 5 7.33 7.31 2.2 2.1 32.6 9.7 1.703 
07/25/08 0 27.6 3.6 3.7 7.48 7.47 1.5 1.4 30.4 9.5 1.013 
07/26/08 0 27.3 3.3 3.3 7.3 7.32 1.5 1.4 30.8 8.9 0.549 
07/28/08 0 28.3 5.9 5.7 7.29 7.28 1.8 2.1 31.4 7.8 0.111 
07/29/08 0 29 5.6 5.2 7.31 7.31 1.9 2 33.2 7.9 0.147 
07/30/08 0 29.7 5.3 5 7.29 7.32 2.3 2.3 35.5 9.6 1.876 
07/31/08 0 293.4 4 3.8 7.26 7.34 2 2.1 34.4 9.4 1.536 
08/01/08 0 28.8 4 3.9 7.29 7.33 1.7 1.7 34.3 9.6 1.372 
08/03/08 0 29 4.8 4.7 7.7 7.66 0.4 0.4 34.7 10.1 0.374 
08/04/08 0 28.5 4.7 4.5 7.71 7.68 0.5 0.3 34 10.1 0.281 
08/05/08 0 28.8 4.3 4.3 7.64 7.62 0.6 0.55 34.2 9.9 0.497 
 
2008 - System 
Flow through 4' x 3' Gate  
Date 
Flow Rate 
per Cohort (gpm) 
System Flow  
Rate (gpm) 
16-Jun 2,238 6,714 
17-Jun 2,750 8,250 
18-Jun 2,490 7,470 
19-Jun 2,642 7,926 
18-Jul 2,098 6,294 
 
Flow though 12"x12" opening 
in containers 
Date Flow Rate 
per Container (GPM)
2-Jul 286 
7-Jul 440 
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Date Secchi Depth 
(cm) 
05/31/08 13 
06/01/08 14 
06/02/08 13 
06/03/08 13 
06/04/08 12 
06/05/08 12 
06/06/08 11 
06/07/08 11 
06/08/08 10 
06/09/08 10 
06/10/08 9 
06/11/08 8 
06/12/08 10 
06/14/08 10 
06/15/08 11 
06/16/08 8 
06/17/08 10 
06/18/08 10 
06/19/08 11 
06/20/08 13 
06/22/08 14 
06/23/08 15 
06/24/08 15 
06/26/08 16 
06/27/08 19 
06/30/08 22 
07/01/08 20 
07/02/08 21 
07/03/08 20 
07/07/08 18 
07/09/08 16 
07/10/08 16 
07/11/08 16 
07/12/08 17 
07/14/08 16 
07/16/08 16 
07/18/08 19 
07/19/08 24 
07/21/08 22 
07/22/08 20 
07/23/08 18 
07/24/08 15 
07/26/08 15 
07/28/08 15 
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07/29/08 17 
07/30/08 15 
07/31/08 15 
08/01/08 14 
08/03/08 13 
08/04/08 11 
08/05/08 10 
 
Date Alkalinity 
(mg/L as CaCO3) 
6/23/2008 47.88 
6/30/2008 47.88 
 
Date Nitrites 
(mg/L) 
6/23/2008 0 
6/30/2008 0 
 
Date NaCl 
(mg/L) 
6/23/2008 62.5 
6/30/2008 75.0 
 
Date Chlorides 
(mg/L) 
6/23/2008 37.5 
6/30/2008 45.0 
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APPENDIX B – FEED 
This appendix contains daily feed inputs for each growing season, presented on a 
per cohort basis. The feed conversion ratios (FCRs) are also shown for the 2005 growing 
season, calculated after each fish sample. 
2005 - Feed 
 Feed (kg/day)      
Date Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5 Cohort 6 
6/24/2005 2.19 1.94 3.92 3.80 3.81 1.95 
6/25/2005 2.19 1.94 3.92 3.80 3.81 1.95 
6/26/2005 2.19 1.94 3.92 3.80 3.81 1.95 
6/27/2005 2.69 2.86 3.92 3.80 3.81 2.64 
6/28/2005 2.69 2.86 5.36 5.69 5.47 2.64 
6/29/2005 3.11 3.49 5.36 5.69 5.47 3.11 
6/30/2005 3.11 3.49 6.77 6.60 6.79 3.11 
7/1/2005 3.11 3.49 6.77 6.60 6.79 3.11 
7/2/2005 2.56 2.74 6.77 6.60 6.79 2.55 
7/3/2005 2.56 2.74 5.39 5.30 5.39 2.55 
7/4/2005 2.56 2.74 5.39 5.30 5.39 2.55 
7/5/2005 2.56 2.74 5.39 5.30 5.39 2.55 
7/6/2005 2.56 2.74 5.39 5.30 5.39 2.55 
7/7/2005 2.56 2.74 5.39 5.30 5.39 2.55 
7/8/2005 3.73 3.62 5.39 5.30 5.39 2.97 
7/9/2005 3.73 3.62 6.86 7.68 6.56 2.97 
7/10/2005 3.73 3.62 6.86 7.68 6.56 2.97 
7/11/2005 3.73 3.62 6.86 7.68 6.56 2.97 
7/12/2005 4.31 4.46 6.86 7.68 6.56 3.03 
7/13/2005 4.31 4.46 7.35 7.40 6.59 3.03 
7/14/2005 4.31 4.46 7.35 7.40 6.59 3.03 
7/15/2005 4.31 4.46 7.35 7.40 6.59 3.03 
7/16/2005 4.31 4.46 7.35 7.40 6.59 3.03 
7/17/2005 4.31 4.46 7.35 7.40 6.59 3.03 
7/18/2005 4.31 4.46 7.35 7.40 6.59 3.03 
7/19/2005 4.67 4.63 7.35 7.40 6.59 3.15 
7/20/2005 4.67 4.63 7.66 7.79 7.48 3.15 
7/21/2005 4.67 4.63 7.66 7.79 7.48 3.15 
7/22/2005 4.67 4.63 7.66 7.79 7.48 3.15 
7/23/2005 4.67 4.63 7.66 7.79 7.48 3.15 
7/24/2005 4.67 4.63 7.66 7.79 7.48 3.15 
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7/25/2005 4.67 4.63 7.66 7.79 7.48 3.15 
7/26/2005 4.98 5.58 7.66 7.79 7.48 3.20 
7/27/2005 4.98 5.58 7.90 8.40 7.98 3.20 
7/28/2005 4.98 5.58 7.90 8.40 7.98 3.20 
7/29/2005 4.98 5.58 7.90 8.40 7.98 3.20 
7/30/2005 4.98 5.58 7.90 8.40 7.98 3.20 
7/31/2005 4.98 5.58 7.90 8.40 7.98 3.20 
8/1/2005 4.98 5.58 7.90 8.40 7.98 3.20 
8/2/2005 5.09 6.64 7.90 8.40 7.98 3.62 
8/3/2005 5.09 6.64 8.34 9.27 9.05 3.62 
8/4/2005 5.09 6.64 8.34 9.27 9.05 3.62 
8/5/2005 5.09 6.64 3.43 9.27 3.47 3.62 
8/6/2005 5.09 6.64 6.86 6.08 6.94 3.62 
8/7/2005 5.09 6.64 6.86 6.08 6.94 3.62 
8/8/2005 5.09 6.64 6.86 4.56 6.94 3.62 
8/9/2005 5.60 6.33 6.86 3.04 3.47 3.60 
8/10/2005 5.60 6.33 6.86 3.04 3.47 3.60 
8/11/2005 5.60 6.33 6.86 3.04 3.47 3.60 
8/12/2005 5.60 6.33 6.86 3.04 3.47 3.60 
8/13/2005 5.60 6.33 6.86 6.08 6.94 3.60 
8/14/2005 5.60 6.33 6.86 6.08 6.94 3.60 
8/15/2005 6.81 8.00 6.86 6.08 6.94 5.01 
8/16/2005 6.81 8.00 8.03 8.83 8.85 5.01 
8/17/2005 6.81 8.00 8.03 8.83 8.85 5.01 
8/18/2005 6.81 8.00 8.03 8.83 8.85 5.01 
8/19/2005 6.81 8.00 8.03 8.83 8.85 5.01 
8/20/2005 6.81 8.00 8.03 8.83 8.85 5.01 
8/21/2005 6.81 8.00 8.03 8.83 8.85 5.01 
8/22/2005 6.81 8.00 0.00 8.83 8.85 5.01 
8/23/2005 6.81 8.00 0.00 8.83 8.85 5.01 
8/24/2005 9.16 10.00 8.03 6.41 8.85 7.00 
8/25/2005 9.16 10.29 10.00 10.00 10.00 7.00 
8/26/2005 9.16 10.29 11.06 11.91 11.58 7.00 
8/27/2005 9.16 10.29 11.06 11.91 11.58 7.00 
8/28/2005 9.16 10.29 11.06 11.91 11.58 7.00 
8/29/2005 9.16 10.29 11.06 11.91 11.58 7.00 
8/30/2005 9.78 11.40 11.06 11.91 11.58 8.29 
8/31/2005 9.78 11.40 13.38 12.99 14.30 8.29 
9/1/2005 9.78 11.40 13.38 12.99 14.30 8.29 
9/2/2005 9.78 11.40 13.38 12.99 14.30 8.29 
9/3/2005 9.78 11.40 13.38 12.99 14.30 8.29 
9/4/2005 9.78 11.40 13.38 12.99 14.30 8.29 
9/5/2005 9.78 11.40 13.38 12.99 14.30 8.29 
9/6/2005 9.78 11.40 13.38 12.99 14.30 8.29 
9/7/2005 9.78 11.40 13.38 12.99 14.30 8.29 
9/8/2005 10.96 11.87 13.38 12.99 14.30 10.10 
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9/9/2005 10.96 11.87 14.04 15.54 14.75 10.10 
9/10/2005 10.96 11.87 14.04 15.54 14.75 10.10 
9/11/2005 10.96 11.87 14.04 15.54 14.75 10.10 
9/12/2005 10.96 11.87 14.04 15.54 14.75 10.10 
9/13/2005 10.96 11.87 14.04 15.54 14.75 10.10 
9/14/2005 10.96 11.87 14.04 15.54 14.75 10.10 
9/15/2005 10.96 11.87 14.04 15.54 14.75 10.10 
9/16/2005 10.96 11.87 14.04 15.54 14.75 10.10 
9/17/2005 10.96 11.87 14.04 15.54 14.75 10.10 
9/18/2005 10.96 11.87 14.04 15.54 14.75 10.10 
9/19/2005 10.96 11.87 14.04 15.54 14.75 10.10 
9/20/2005 10.96 11.87 14.04 15.54 14.75 10.10 
9/21/2005 10.96 11.87 14.04 15.54 14.75 10.10 
9/22/2005 10.96 11.87 14.04 15.54 14.75 10.10 
9/23/2005 13.20 14.23 14.04 15.54 14.75 12.79 
9/24/2005 13.20 14.23 4.94 4.90 5.98 12.79 
9/25/2005 13.20 14.23 4.94 4.90 5.98 12.79 
9/26/2005 13.20 14.23 4.94 4.90 5.98 12.79 
9/27/2005 13.20 14.23 4.94 4.90 5.98 12.79 
9/28/2005 13.20 14.23 4.94 4.90 5.98 12.79 
9/29/2005 13.20 14.23 4.94 4.90 5.98 12.79 
9/30/2005 7.31 8.67 4.94 4.90 5.98 7.11 
10/1/2005 14.62 17.33 5.29 5.54 6.52 14.22 
10/2/2005 14.62 17.33 10.57 11.08 13.05 14.22 
10/3/2005 14.62 17.33 10.57 11.08 13.05 14.22 
10/4/2005 14.62 17.33 10.57 11.08 13.05 14.22 
10/5/2005 14.62 17.33 10.57 11.08 13.05 14.22 
10/6/2005 7.31 8.67 10.57 11.08 13.05 7.11 
10/7/2005 14.62 17.33 5.29 5.54 6.52 14.22 
10/8/2005 14.62 17.33 5.29 5.54 6.52 14.22 
10/9/2005 14.62 17.33 12.11 14.90 15.26 14.22 
10/10/2005 0.00 0.00 12.11 14.90 15.26 0.00 
 
2005 – FCR 
 Feed Conversion Ratio (mass fed/mass gained)  
Date Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5 Cohort 6 
6/27/2005 11.07 2.65 7.01 UNDEF UNDEF 3.94 
6/29/2005 4.32 3.02 2.66 5.89 3.69 3.70 
7/1/2005 2.80 3.92 6.16 4.64 6.96 3.70 
7/5/2005 2.41 1.73 2.15 3.54 2.96 2.40 
7/8/2005 1.24 2.57 2.14 1.64 3.50 2.95 
7/12/2005 1.54 1.22 2.06 4.63 3.58 2.39 
7/15/2005 3.11 5.61 2.66 1.94 3.07 2.51 
7/19/2005 1.75 1.69 2.42 6.78 2.18 2.34 
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7/22/2005 4.59 1.08 3.66 6.04 5.91 7.82 
7/26/2005 1.34 1.45 1.75 1.79 1.81 1.49 
8/2/2005 5.29 1.90 4.17 4.01 3.35 2.48 
8/5/2005 1.35 0.83 0.72 2.44 0.84 1.39 
8/9/2005 1.15 UNDEF 1.44 0.80 0.84 2.05 
8/15/2005 1.58 1.26 1.44 1.61 1.68 0.78 
8/23/2005 1.33 1.54 0.00 1.41 1.79 1.22 
8/30/2005 2.27 1.70 1.57 5.24 1.62 1.20 
9/8/2005 1.71 2.57 1.06 0.95 1.46 1.20 
9/15/2005 1.31 0.61 1.95 3.38 2.15 0.87 
9/22/2005 0.88 3.40 UNDEF UNDEF 4.65 0.94 
9/30/2005 2.55 1.22 1.32 0.97 1.35 2.37 
10/7/2005 1.14 0.74 0.57 0.33 0.66 0.25 
 
2006 - Feed 
 Feed (kg/day)        
Date CHT 1 CHT 2 CHT 3 CHT 4 CHT 5 CHT 6 CHT 7 CHT 8 CHT 9 
6/1/2006 0.04 0.05 0.05 0.04 0.05 0.05 0.04 0.05 0.05 
6/2/2006 0.04 0.05 0.05 0.04 0.05 0.05 0.04 0.05 0.05 
6/3/2006 0.04 0.05 0.05 0.04 0.05 0.05 0.04 0.05 0.05 
6/4/2006 0.04 0.05 0.05 0.04 0.05 0.05 0.04 0.05 0.05 
6/5/2006 0.09 0.12 0.12 0.09 0.16 0.15 0.09 0.13 0.11 
6/6/2006 0.09 0.12 0.12 0.09 0.16 0.15 0.09 0.13 0.11 
6/7/2006 0.12 0.18 0.20 0.13 0.18 0.19 0.13 0.16 0.18 
6/8/2006 0.12 0.18 0.20 0.13 0.18 0.19 0.13 0.16 0.18 
6/9/2006 0.16 0.21 0.25 0.16 0.20 0.24 0.16 0.20 0.23 
6/10/2006 0.16 0.21 0.25 0.16 0.20 0.24 0.16 0.20 0.23 
6/11/2006 0.16 0.21 0.25 0.16 0.20 0.24 0.16 0.20 0.23 
6/12/2006 0.22 0.28 0.35 0.24 0.28 0.35 0.23 0.29 0.33 
6/13/2006 0.22 0.28 0.35 0.24 0.28 0.35 0.23 0.29 0.33 
6/14/2006 0.28 0.38 0.46 0.31 0.39 0.46 0.31 0.40 0.46 
6/15/2006 0.28 0.38 0.46 0.31 0.39 0.46 0.31 0.40 0.46 
6/16/2006 0.32 0.42 0.52 0.32 0.45 0.50 0.33 0.43 0.49 
6/17/2006 0.32 0.42 0.52 0.32 0.45 0.50 0.33 0.43 0.49 
6/18/2006 0.32 0.42 0.52 0.32 0.45 0.50 0.33 0.43 0.49 
6/19/2006 0.35 0.46 0.56 0.38 0.51 0.56 0.38 0.46 0.55 
6/20/2006 0.35 0.46 0.56 0.38 0.51 0.56 0.38 0.46 0.55 
6/21/2006 0.35 0.46 0.56 0.38 0.51 0.56 0.38 0.46 0.55 
6/22/2006 0.35 0.46 0.56 0.38 0.51 0.56 0.38 0.46 0.55 
6/23/2006 0.61 0.84 0.96 0.68 0.87 1.0 0.65 0.86 1.0 
6/24/2006 0.61 0.84 0.96 0.68 0.87 1.0 0.65 0.86 1.0 
6/25/2006 0.61 0.84 0.96 0.68 0.87 1.0 0.65 0.86 1.0 
6/26/2006 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.0 
6/27/2006 0.61 0.84 0.96 0.68 0.87 1.0 0.65 0.86 1.0 
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6/28/2006 0.61 0.84 0.96 0.68 0.87 1.0 0.65 0.86 1.0 
6/29/2006 1.0 1.3 1.6 1.0 1.3 1.6 1.0 1.3 1.6 
6/30/2006 1.0 1.3 1.6 1.0 1.3 1.6 1.0 1.3 1.6 
7/1/2006 1.0 1.3 1.6 1.0 1.3 1.6 1.0 1.3 1.6 
7/2/2006 1.0 1.3 1.6 1.0 1.3 1.6 1.0 1.3 1.6 
7/3/2006 1.0 1.3 1.6 1.0 1.3 1.6 1.0 1.3 1.6 
7/4/2006 1.0 1.3 1.6 1.0 1.3 1.6 1.0 1.3 1.6 
7/5/2006 1.0 1.3 1.6 1.0 1.3 1.6 1.0 1.3 1.6 
7/6/2006 1.4 1.5 2.0 1.4 1.7 2.1 1.4 1.6 1.8 
7/7/2006 1.4 1.5 2.0 1.4 1.7 2.1 1.4 1.6 1.8 
7/8/2006 1.4 1.5 2.0 1.4 1.7 2.1 1.4 1.6 1.8 
7/9/2006 1.4 1.5 2.0 1.4 1.7 2.1 1.4 1.6 1.8 
7/10/2006 1.5 1.8 2.2 1.5 2.0 2.4 1.5 2.0 2.0 
7/11/2006 1.5 1.8 2.2 1.5 2.0 2.4 1.5 2.0 2.0 
7/12/2006 1.5 1.8 2.2 1.5 2.0 2.4 1.5 2.0 2.0 
7/13/2006 1.5 1.8 2.2 1.5 2.0 2.4 1.5 2.0 2.0 
7/14/2006 1.7 2.3 2.8 1.8 2.4 2.6 1.7 2.2 2.4 
7/15/2006 1.7 2.3 2.8 1.8 2.4 2.6 1.7 2.2 2.4 
7/16/2006 1.7 2.3 2.8 1.8 2.4 2.6 1.7 2.2 2.4 
7/17/2006 1.9 2.4 3.2 1.9 2.6 3.3 1.8 2.3 2.7 
7/18/2006 1.9 2.4 3.2 1.9 2.6 3.3 1.8 2.3 2.7 
7/19/2006 1.9 2.4 3.2 1.9 2.6 3.3 1.8 2.3 2.7 
7/20/2006 1.9 2.4 3.2 1.9 2.6 3.3 1.8 2.3 2.7 
7/21/2006 2.1 2.8 3.5 2.2 2.9 3.7 2.1 2.5 2.7 
7/22/2006 2.1 2.8 3.5 2.2 2.9 3.7 2.1 2.5 2.7 
7/23/2006 2.1 2.8 3.5 2.2 2.9 3.7 2.1 2.5 2.7 
7/24/2006 2.1 2.8 3.5 2.2 2.9 3.7 2.1 2.5 2.7 
7/25/2006 2.5 2.7 3.7 2.5 2.8 3.7 2.3 2.8 3.2 
7/26/2006 2.5 2.7 3.7 2.5 2.8 3.7 2.3 2.8 3.2 
7/27/2006 2.5 2.7 3.7 2.5 2.8 3.7 2.3 2.8 3.2 
7/28/2006 2.5 2.7 3.7 2.5 2.8 3.7 2.3 2.8 3.2 
7/29/2006 2.5 2.7 3.7 2.5 2.8 3.7 2.3 2.8 3.2 
7/30/2006 2.5 2.7 3.7 2.5 2.8 3.7 2.3 2.8 3.2 
7/31/2006 2.8 3.7 4.2 2.8 3.4 4.0 2.6 3.4 3.8 
8/1/2006 2.8 3.7 4.2 2.8 3.4 4.0 2.6 3.4 3.8 
8/2/2006 2.8 3.7 4.2 2.8 3.4 4.0 2.6 3.4 3.8 
8/3/2006 2.8 3.7 4.2 2.8 3.4 4.0 2.6 3.4 3.8 
8/4/2006 3.0 4.0 4.7 3.3 3.5 4.8 3.1 3.6 4.5 
8/5/2006 3.0 4.0 4.7 3.3 3.5 4.8 3.1 3.6 4.5 
8/6/2006 3.0 4.0 4.7 3.3 3.5 4.8 3.1 3.6 4.5 
8/7/2006 3.0 4.0 4.7 3.3 3.5 4.8 3.1 3.6 4.5 
8/8/2006 3.4 4.8 5.7 3.6 4.3 5.8 3.6 4.2 5.0 
8/9/2006 3.4 4.8 5.7 3.6 4.3 5.8 3.6 4.2 5.0 
8/10/2006 3.4 4.8 5.7 3.6 4.3 5.8 3.6 4.2 5.0 
8/11/2006 3.4 4.8 5.7 3.6 4.3 5.8 3.6 4.2 5.0 
8/12/2006 3.4 4.8 5.7 3.6 4.3 5.8 3.6 4.2 5.0 
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8/13/2006 3.4 4.8 5.7 3.6 4.3 5.8 3.6 4.2 5.0 
8/14/2006 3.4 4.8 5.7 3.6 4.3 5.8 3.6 4.2 5.0 
8/15/2006 4.4 5.3 6.7 3.9 5.3 6.1 3.8 5.1 5.9 
8/16/2006 4.4 5.3 6.7 3.9 5.3 6.1 3.8 5.1 5.9 
8/17/2006 4.4 5.3 6.7 3.9 5.3 6.1 3.8 5.1 5.9 
8/18/2006 4.4 5.3 6.7 3.9 5.3 6.1 3.8 5.1 5.9 
8/19/2006 4.4 5.3 6.7 3.9 5.3 6.1 3.8 5.1 5.9 
8/20/2006 4.4 5.3 6.7 3.9 5.3 6.1 3.8 5.1 5.9 
8/21/2006 4.4 5.3 6.7 3.9 5.3 6.1 3.8 5.1 5.9 
8/22/2006 4.9 5.7 7.3 4.9 5.5 7.6 4.7 6.2 6.8 
8/23/2006 4.9 5.7 7.3 4.9 5.5 7.6 4.7 6.2 6.8 
8/24/2006 4.9 5.7 7.3 4.9 5.5 7.6 4.7 6.2 6.8 
8/25/2006 4.9 5.7 7.3 4.9 5.5 7.6 4.7 6.2 6.8 
8/26/2006 4.9 5.7 7.3 4.9 5.5 7.6 4.7 6.2 6.8 
8/27/2006 4.9 5.7 7.3 4.9 5.5 7.6 4.7 6.2 6.8 
8/28/2006 4.9 5.7 7.3 4.9 5.5 7.6 4.7 6.2 6.8 
8/29/2006 5.2 6.7 9.2 6.4 7.9 8.8 6.7 7.9 8.5 
8/30/2006 5.2 6.7 9.2 6.4 7.9 8.8 6.7 7.9 8.5 
8/31/2006 5.2 6.7 9.2 6.4 7.9 8.8 6.7 7.9 8.5 
9/1/2006 5.2 6.7 9.2 6.4 7.9 8.8 6.7 7.9 8.5 
9/2/2006 5.2 6.7 9.2 6.4 7.9 8.8 6.7 7.9 8.5 
9/3/2006 5.2 6.7 9.2 6.4 7.9 8.8 6.7 7.9 8.5 
9/4/2006 5.2 6.7 9.2 6.4 7.9 8.8 6.7 7.9 8.5 
9/5/2006 5.2 6.7 9.2 6.4 7.9 8.8 6.7 7.9 8.5 
9/6/2006 6.4 9.3 10.7 6.0 8.2 9.6 6.7 8.2 9.9 
9/7/2006 6.4 9.3 10.7 6.0 8.2 9.6 6.7 8.2 9.9 
9/8/2006 6.4 9.3 10.7 6.0 8.2 9.6 6.7 8.2 9.9 
9/9/2006 6.4 9.3 10.7 6.0 8.2 9.6 6.7 8.2 9.9 
9/10/2006 6.4 9.3 10.7 6.0 8.2 9.6 6.7 8.2 9.9 
9/11/2006 6.4 9.3 10.7 6.0 8.2 9.6 6.7 8.2 9.9 
9/12/2006 6.8 9.7 12.4 6.8 8.0 11.7 6.5 8.1 10.4 
9/13/2006 6.8 9.7 12.4 6.8 8.0 11.7 6.5 8.1 10.4 
9/14/2006 6.8 9.7 12.4 6.8 8.0 11.7 6.5 8.1 10.4 
9/15/2006 6.8 9.7 12.4 6.8 8.0 11.7 6.5 8.1 10.4 
9/16/2006 6.8 9.7 12.4 6.8 8.0 11.7 6.5 8.1 10.4 
9/17/2006 6.8 9.7 12.4 6.8 8.0 11.7 6.5 8.1 10.4 
9/18/2006 6.8 9.7 12.4 6.8 8.0 11.7 6.5 8.1 10.4 
9/19/2006 7.1 10.0 11.9 8.1 8.9 11.7 7.4 9.6 10.4 
9/20/2006 7.1 10.0 11.9 8.1 8.9 11.7 7.4 9.6 10.4 
9/21/2006 7.1 10.0 11.9 8.1 8.9 11.7 7.4 9.6 10.4 
9/22/2006 7.1 10.0 11.9 8.1 8.9 11.7 7.4 9.6 10.4 
9/23/2006 7.1 10.0 11.9 8.1 8.9 11.7 7.4 9.6 10.4 
9/24/2006 7.1 10.0 11.9 8.1 8.9 11.7 7.4 9.6 10.4 
9/25/2006 7.1 10.0 11.9 8.1 8.9 11.7 7.4 9.6 10.4 
9/26/2006 8.3 12.7 14.3 8.9 10.4 13.8 9.2 11.3 12.5 
9/27/2006 8.3 12.7 14.3 8.9 10.4 13.8 9.2 11.3 12.5 
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9/28/2006 8.3 12.7 14.3 8.9 10.4 13.8 9.2 11.3 12.5 
9/29/2006 8.3 12.7 14.3 8.9 10.4 13.8 9.2 11.3 12.5 
9/30/2006 8.3 12.7 14.3 8.9 10.4 13.8 9.2 11.3 12.5 
10/1/2006 8.3 12.7 14.3 8.9 10.4 13.8 9.2 11.3 12.5 
10/2/2006 8.3 12.7 14.3 8.9 10.4 13.8 9.2 11.3 12.5 
10/3/2006 10.5 14.1 16.6 11.4 12.8 16.4 11.6 14.3 16.1 
10/4/2006 10.5 14.1 16.6 11.4 12.8 16.4 11.6 14.3 16.1 
10/5/2006 10.5 14.1 16.6 11.4 12.8 16.4 11.6 14.3 16.1 
10/6/2006 10.5 14.1 16.6 11.4 12.8 16.4 11.6 14.3 16.1 
10/7/2006 10.5 14.1 16.6 11.4 12.8 16.4 11.6 14.3 16.1 
10/8/2006 10.5 14.1 16.6 11.4 12.8 16.4 11.6 14.3 16.1 
10/9/2006 10.5 14.1 16.6 11.4 12.8 16.4 11.6 14.3 16.1 
10/10/2006 10.5 15.0 17.0 11.0 13.4 16.3 11.5 14.1 15.3 
10/11/2006 10.5 15.0 17.0 11.0 13.4 16.3 11.5 14.1 15.3 
10/12/2006 10.5 15.0 17.0 11.0 13.4 16.3 11.5 14.1 15.3 
10/13/2006 5.3 7.5 8.5 5.5 6.7 8.2 5.8 7.1 7.7 
10/14/2006 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
10/15/2006 7.9 11.3 12.7 8.3 10.0 12.3 8.6 10.6 11.5 
 
2007 - Feed 
 Feed (kg/day)        
Date CHT 1 CHT 2 CHT 3 CHT 4 CHT 5 CHT 6 CHT 7 CHT 8 CHT 9 
07/14/07 2.18 2.57 2.57 2.57 2.57 2.57 2.57 2.57 2.18 
07/15/07 2.18 2.57 2.57 2.57 2.57 2.57 2.57 2.57 2.18 
07/16/07 2.18 2.57 2.57 2.57 2.57 2.57 2.57 2.57 2.18 
07/17/07 2.46 2.82 2.82 2.76 2.65 2.72 2.56 2.83 2.43 
07/18/07 2.46 2.82 2.82 2.76 2.65 2.72 2.56 2.83 2.43 
07/19/07 2.46 2.82 2.82 2.76 2.65 2.72 2.56 2.83 2.43 
07/20/07 2.61 3.05 2.99 2.96 2.87 2.91 2.84 3.00 2.58 
07/21/07 2.61 3.05 2.99 2.96 2.87 2.91 2.84 3.00 2.58 
07/22/07 2.61 3.05 2.99 2.96 2.87 2.91 2.84 3.00 2.58 
07/23/07 2.61 3.05 2.99 2.96 2.87 2.91 2.84 3.00 2.58 
07/24/07 3.14 3.51 3.54 3.40 3.46 3.46 3.42 3.60 3.12 
07/25/07 3.14 3.51 3.54 3.40 3.46 3.46 3.42 3.60 3.12 
07/26/07 3.14 3.51 3.54 3.40 3.46 3.46 3.42 3.60 3.12 
07/27/07 3.14 3.51 3.54 3.40 3.46 3.46 3.42 3.60 3.12 
07/28/07 3.14 3.51 3.54 3.40 3.46 3.46 3.42 3.60 3.12 
07/29/07 3.14 3.51 3.54 3.40 3.46 3.46 3.42 3.60 3.12 
07/30/07 3.14 3.51 3.54 3.40 3.46 3.46 3.42 3.60 3.12 
07/31/07 4.01 4.40 4.22 4.37 4.27 4.33 4.35 4.33 4.18 
08/01/07 4.01 4.40 4.22 4.37 4.27 4.33 4.35 4.33 4.18 
08/02/07 4.01 4.40 4.22 4.37 4.27 4.33 4.35 4.33 4.18 
08/03/07 4.01 4.40 4.22 4.37 4.27 4.33 4.35 4.33 4.18 
08/04/07 4.01 4.40 4.22 4.37 4.27 4.33 4.35 4.33 4.18 
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08/05/07 4.01 4.40 4.22 4.37 4.27 4.33 4.35 4.33 4.18 
08/06/07 4.01 4.40 4.22 4.37 4.27 4.33 4.35 4.33 4.18 
08/07/07 5.08 5.52 5.63 5.46 5.00 5.33 5.54 5.67 5.15 
08/08/07 5.08 5.52 5.63 5.46 5.00 5.33 5.54 5.67 5.15 
08/09/07 5.08 5.52 5.63 5.46 5.00 5.33 5.54 5.67 5.15 
08/10/07 5.08 5.52 5.63 5.46 5.00 5.33 5.54 5.67 5.15 
08/11/07 5.08 5.52 5.63 5.46 5.00 5.33 5.54 5.67 5.15 
08/12/07 5.08 5.52 5.63 5.46 5.00 5.33 5.54 5.67 5.15 
08/13/07 5.08 5.52 5.63 5.46 5.00 5.33 5.54 5.67 5.15 
08/14/07 6.29 7.15 7.13 7.07 6.50 5.90 6.42 7.04 6.51 
08/15/07 6.29 7.15 7.13 7.07 6.50 5.90 6.42 7.04 6.51 
08/16/07 6.29 7.15 7.13 7.07 6.50 5.90 6.42 7.04 6.51 
08/17/07 6.29 7.15 7.13 7.07 6.50 5.90 6.42 7.04 6.51 
08/18/07 6.29 7.15 7.13 7.07 6.50 5.90 6.42 7.04 6.51 
08/19/07 6.29 7.15 7.13 7.07 6.50 5.90 6.42 7.04 6.51 
08/20/07 6.29 7.15 7.13 7.07 6.50 5.90 6.42 7.04 6.51 
08/21/07 7.01 8.09 8.20 8.21 7.18 7.70 7.65 5.85 7.65 
08/22/07 7.01 8.09 8.20 8.21 7.18 7.70 7.65 5.85 7.65 
08/23/07 7.01 8.09 8.20 8.21 7.18 7.70 7.65 5.85 7.65 
08/24/07 7.01 8.09 8.20 8.21 7.18 7.70 7.65 5.85 7.65 
08/25/07 7.01 8.09 8.20 8.21 7.18 7.70 7.65 5.85 7.65 
08/26/07 7.01 8.09 8.20 8.21 7.18 7.70 7.65 5.85 7.65 
08/27/07 7.01 8.09 8.20 8.21 7.18 7.70 7.65 5.85 7.65 
08/28/07 8.09 9.31 9.45 9.27 8.60 9.74 9.07 7.58 9.15 
08/29/07 8.09 9.31 9.45 9.27 8.60 9.74 9.07 7.58 9.15 
08/30/07 8.09 9.31 9.45 9.27 8.60 9.74 9.07 7.58 9.15 
08/31/07 8.09 9.31 9.45 9.27 8.60 9.74 9.07 7.58 9.15 
09/01/07 8.09 9.31 9.45 9.27 8.60 9.74 9.07 7.58 9.15 
09/02/07 8.09 9.31 9.45 9.27 8.60 9.74 9.07 7.58 9.15 
09/03/07 8.09 9.31 9.45 9.27 8.60 9.74 9.07 7.58 9.15 
09/04/07 8.09 9.31 9.45 9.27 8.60 9.74 9.07 7.58 9.15 
09/05/07 8.09 9.31 9.45 9.27 8.60 9.74 9.07 7.58 9.15 
09/06/07 9.42 10.93 10.98 10.84 9.51 9.73 10.36 9.61 10.47 
09/07/07 9.42 10.93 10.98 10.84 9.51 9.73 10.36 9.61 10.47 
09/08/07 9.42 10.93 10.98 10.84 9.51 9.73 10.36 9.61 10.47 
09/09/07 9.42 10.93 10.98 10.84 9.51 9.73 10.36 9.61 10.47 
09/10/07 9.42 10.93 10.98 10.84 9.51 9.73 10.36 9.61 10.47 
09/11/07 9.42 10.93 10.98 10.84 9.51 9.73 10.36 9.61 10.47 
09/12/07 9.42 10.93 10.98 10.84 9.51 9.73 10.36 9.61 10.47 
09/13/07 10.77 12.55 12.19 12.41 10.54 10.93 11.66 11.10 12.25 
09/14/07 10.77 12.55 12.19 12.41 10.54 10.93 11.66 11.10 12.25 
09/15/07 10.77 12.55 12.19 12.41 10.54 10.93 11.66 11.10 12.25 
09/16/07 10.77 12.55 12.19 12.41 10.54 10.93 11.66 11.10 12.25 
09/17/07 10.77 12.55 12.19 12.41 10.54 10.93 11.66 11.10 12.25 
09/18/07 10.77 12.55 12.19 12.41 10.54 10.93 11.66 11.10 12.25 
09/19/07 10.77 12.55 12.19 12.41 10.54 10.93 11.66 11.10 12.25 
 
 
257 
 
 
 
 
 
 
 
 
09/20/07 11.09 12.73 12.73 12.30 11.76 11.33 12.65 12.12 12.89 
09/21/07 11.09 12.73 12.73 12.30 11.76 11.33 12.65 12.12 12.89 
09/22/07 5.55 6.37 6.36 6.15 5.88 5.67 6.33 6.06 6.45 
09/23/07 11.09 12.73 12.73 12.30 11.76 11.33 12.65 12.12 12.89 
09/24/07 11.09 12.73 12.73 12.30 11.76 11.33 12.65 12.12 12.89 
09/25/07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
09/26/07 11.09 12.73 12.73 12.30 11.76 11.33 12.65 12.12 12.89 
09/27/07 12.77 13.16 13.60 13.74 2.69 12.78 13.54 6.57 13.23 
09/28/07 12.77 13.16 13.60 13.74 2.69 12.78 13.54 6.57 13.23 
09/29/07 12.77 13.16 13.60 13.74 2.69 12.78 13.54 6.57 13.23 
09/30/07 6.38 6.58 6.80 6.87 1.34 6.39 6.77 3.28 6.62 
10/01/07 12.77 13.16 13.60 13.74 2.69 12.78 13.54 6.57 13.23 
10/02/07 6.38 6.58 6.80 6.87 1.34 6.39 6.77 3.28 6.62 
10/03/07 12.77 13.16 13.60 13.74 2.69 12.78 13.54 6.57 13.23 
10/04/07 12.77 14.33 15.12 14.13 3.07 14.10 13.83 7.10 14.76 
10/05/07 4.79 5.37 5.67 5.30 1.15 5.29 5.19 2.66 5.54 
10/06/07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10/07/07 4.79 5.37 5.67 5.30 1.15 5.29 5.19 2.66 5.54 
10/08/07 4.79 5.37 5.67 5.30 1.15 5.29 5.19 2.66 5.54 
10/09/07 4.79 5.37 5.67 5.30 1.15 5.29 5.19 2.66 5.54 
10/10/07 4.79 5.37 5.67 5.30 1.15 5.29 5.19 2.66 5.54 
10/11/07 3.37 3.97 4.05 4.00 0.71 3.79 3.80 1.84 3.86 
10/12/07 5.05 5.96 6.08 5.99 1.06 5.68 5.70 2.76 5.79 
10/13/07 5.05 5.96 6.08 5.99 1.06 5.68 5.70 2.76 5.79 
10/14/07 5.05 5.96 6.08 5.99 1.06 5.68 5.70 2.76 5.79 
10/15/07 5.05 5.96 6.08 5.99 1.06 5.68 5.70 2.76 5.79 
10/16/07 5.05 5.96 6.08 5.99 1.06 5.68 5.70 2.76 5.79 
10/17/07 5.05 5.96 6.08 5.99 1.06 5.68 5.70 2.76 5.79 
10/18/07 3.56 4.09 4.29 3.95 0.79 3.78 3.88 1.88 3.96 
10/19/07 3.56 4.09 4.29 3.95 0.79 3.78 3.88 1.88 3.96 
10/20/07 3.56 4.09 4.29 3.95 0.79 3.78 3.88 1.88 3.96 
10/21/07 3.56 4.09 4.29 3.95 0.79 3.78 3.88 1.88 3.96 
10/22/07 3.56 4.09 4.29 3.95 0.79 3.78 3.88 1.88 3.96 
10/23/07 3.56 4.09 4.29 3.95 0.79 3.78 3.88 1.88 3.96 
10/24/07 3.56 4.09 4.29 3.95 0.79 3.78 3.88 1.88 3.96 
10/25/07 3.57 4.15 4.45 4.06 0.84 3.97 4.02 2.04 4.38 
10/26/07 3.57 4.15 4.45 4.06 0.84 3.97 4.02 2.04 4.38 
10/27/07 3.57 4.15 4.45 4.06 0.84 3.97 4.02 2.04 4.38 
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2008 - Feed 
 Feed (kg/day)  
Date Cohort 1 Cohort 2 Cohort 3
05/31/08 0.058 0.058 0.058
06/01/08 0.058 0.058 0.058
06/02/08 0.082 0.082 0.082
06/03/08 0.082 0.082 0.082
06/04/08 0.12 0.12 0.12
06/05/08 0.12 0.12 0.12
06/06/08 0.18 0.18 0.18
06/07/08 0.18 0.18 0.18
06/08/08 0.18 0.18 0.18
06/09/08 0.32 0.32 0.32
06/10/08 0.32 0.32 0.32
06/11/08 0.46 0.46 0.46
06/12/08 0.46 0.46 0.46
06/13/08 0.54 0.00 0.00
06/14/08 0.54 0.54 0.54
06/15/08 0.54 0.54 0.54
06/16/08 0.75 0.75 0.75
06/17/08 0.75 0.75 0.75
06/18/08 0.39 0.39 0.39
06/19/08 0.78 0.78 0.78
06/20/08 0.47 0.47 0.47
06/21/08 0.94 0.94 0.94
06/22/08 0.94 0.94 0.94
06/23/08 0.57 0.57 0.57
06/24/08 1.13 1.13 1.13
06/25/08 0.60 0.60 0.60
06/26/08 1.20 1.20 1.20
06/27/08 0.64 0.64 0.64
06/28/08 1.272 1.272 1.272
06/29/08 1.272 1.272 1.272
06/30/08 0.72 0.72 0.72
07/01/08 1.44 1.44 1.44
07/02/08 1.52 1.52 1.52
07/03/08 1.52 1.52 1.52
07/04/08 1.68 1.68 1.68
07/05/08 1.68 1.68 1.68
07/06/08 1.68 1.68 1.68
07/07/08 0.00 0.00 0.00
07/08/08 1.84 1.84 1.84
07/09/08 1.84 1.84 1.84
07/10/08 1.84 1.84 1.84
07/11/08 2.18 2.18 2.18
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07/12/08 2.18 2.18 2.18
07/13/08 2.18 2.18 2.18
07/14/08 2.18 2.18 2.18
07/15/08 0.00 0.00 0.00
07/16/08 0.60 2.60 2.60
07/17/08 2.60 2.60 2.60
07/18/08 2.96 2.78 2.58
07/19/08 1.48 1.39 1.29
07/20/08 1.48 1.39 1.29
07/21/08 2.96 2.78 2.58
07/22/08 3.11 3.11 2.89
07/23/08 3.11 3.11 2.89
07/24/08 3.11 3.11 2.89
07/25/08 3.57 3.37 3.20
07/26/08 1.79 1.69 1.60
07/27/08 1.78 1.68 1.60
07/28/08 3.57 3.37 3.20
07/29/08 3.57 3.37 3.20
07/30/08 3.94 3.84 3.71
07/31/08 3.94 3.84 3.71
08/01/08 3.94 3.84 3.71
08/02/08 0.00 0.00 0.00
08/03/08 3.94 3.84 3.71
08/04/08 3.94 3.84 3.71
08/05/08 3.94 3.84 3.71
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APPENDIX C – GROWTH 
This appendix shows the average fingerling size after each sample for each 
growing season. The data is presented on a per cohort basis. 
2005 - Growth 
 Average Weight per Fish (g/fish)   
Date Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5 Cohort 6 
6/24/2005 1.66 1.42 1.52 1.99 1.93 1.43 
6/27/2005 1.79 1.91 1.79 1.90 1.81 1.76 
6/29/2005 2.08 2.32 2.26 2.20 2.26 2.07 
7/1/2005 2.58 2.72 2.52 2.65 2.56 2.44 
7/5/2005 3.56 4.12 3.69 3.59 3.67 3.39 
7/8/2005 4.97 4.82 4.57 5.12 4.37 3.96 
7/12/2005 7.17 7.44 6.13 6.16 5.49 5.05 
7/15/2005 8.12 7.96 7.10 7.97 6.47 5.85 
7/19/2005 10.37 10.29 8.51 8.65 8.31 7.00 
7/22/2005 11.06 13.13 9.25 9.26 8.89 7.27 
7/26/2005 14.23 15.95 11.29 12.00 11.40 9.13 
8/2/2005 15.73 20.48 12.84 14.31 13.95 11.13 
8/5/2005 18.32 25.75 14.51 16.10 15.83 12.84 
8/9/2005 22.37 25.31 16.74 18.49 18.34 14.40 
8/15/2005 27.24 31.98 20.07 22.07 22.12 20.55 
8/23/2005 36.61 41.14 27.70 29.96 28.14 27.82 
8/30/2005 43.06 50.51 33.46 32.47 35.76 36.80 
9/8/2005 54.79 59.33 46.80 51.81 49.16 50.51 
9/15/2005 68.12 89.49 52.70 56.88 56.46 68.42 
9/22/2005 88.00 94.88 49.36 49.01 59.83 85.23 
9/30/2005 97.44 115.54 52.86 55.40 65.23 94.77 
10/7/2005 107.66 133.58 60.57 74.52 76.29 120.09 
10/11/2005 120.89 139.59 56.27 69.96 76.68 124.10 
 
2006 - Growth 
 Average Weight per Fish (g/fish)     
Date CHT 1 CHT 2 CHT 3 CHT 4 CHT 5 CHT 6 CHT 7 CHT 8 CHT 9 
6/1/2006 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 
6/5/2006 0.096 0.097 0.103 0.094 0.135 0.124 0.094 0.109 0.093 
6/7/2006 0.127 0.152 0.138 0.135 0.15 0.133 0.131 0.130 0.127 
6/9/2006 0.167 0.171 0.170 0.166 0.167 0.168 0.167 0.168 0.165 
6/12/2006 0.229 0.232 0.245 0.246 0.235 0.240 0.237 0.239 0.230 
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6/14/2006 0.296 0.316 0.321 0.327 0.323 0.316 0.322 0.332 0.318 
6/16/2006 0.328 0.346 0.361 0.338 0.373 0.344 0.343 0.359 0.342 
6/19/2006 0.359 0.384 0.390 0.400 0.421 0.390 0.393 0.387 0.384 
6/23/2006 0.631 0.703 0.667 0.707 0.726 0.721 0.68 0.715 0.711 
6/29/2006 1.04 1.13 1.13 1.11 1.09 1.14 1.10 1.12 1.14 
7/6/2006 2.18 1.94 2.07 2.10 2.18 2.14 2.06 2.00 1.88 
7/10/2006 2.80 2.64 2.74 2.82 2.89 2.98 2.84 2.87 2.49 
7/14/2006 3.82 3.82 4.03 3.90 4.02 3.77 3.55 3.67 3.44 
7/17/2006 4.48 4.80 5.08 4.91 5.01 5.25 4.38 4.47 4.32 
7/21/2006 5.82 5.76 6.13 6.19 6.03 6.57 5.36 5.25 4.73 
7/25/2006 7.64 6.85 7.63 8.47 7.09 7.61 7.09 7.22 6.72 
7/31/2006 11.54 11.13 10.81 10.33 9.51 10.26 9.52 9.37 9.01 
8/4/2006 14.22 13.49 14.12 13.73 11.75 13.34 12.76 11.85 11.65 
8/8/2006 19.04 19.94 19.01 20.13 17.73 19.19 17.30 15.42 16.55 
8/15/2006 29.06 29.21 27.84 25.69 25.22 25.51 25.43 24.32 22.01 
8/22/2006 40.55 37.69 40.77 41.06 36.56 36.08 39.38 37.79 32.54 
8/29/2006 58.13 55.74 61.22 52.97 52.36 49.09 55.64 52.51 47.00 
9/6/2006 70.83 77.17 71.60 67.20 68.07 63.93 74.37 68.67 65.97 
9/12/2006 75.11 81.20 82.43 75.79 77.90  69.20 
9/19/2006 78.53 89.23 88.04 90.17 79.27 86.67 82.07 85.37 76.77 
9/26/2006 91.70 112.74 105.63 99.07 92.45 102.33 102.27 100.48 92.53 
10/3/2006 116.37 124.97 122.93 126.43 113.57 121.50 129.07 127.30 119.30 
 
2007 - Growth 
 Average Weight per Fish (g/fish)     
Date CHT 1 CHT 2 CHT 3 CHT 4 CHT 5 CHT 6 CHT 7 CHT 8 CHT 9 
07/13/07 2.27 3.12 3.12 3.12 3.12 3.12 3.12 3.12 2.27 
07/17/07 2.85 3.72 3.72 3.58 3.31 3.46 3.08 3.74 2.79 
07/20/07 3.21 4.32 4.17 4.09 3.85 3.94 3.77 4.21 3.14 
07/24/07 4.57 5.67 5.76 5.33 5.52 5.52 5.41 5.98 4.52 
07/31/07 7.32 8.78 8.11 8.66 8.28 8.53 8.59 8.52 7.96 
08/07/07 11.60 13.61 14.15 13.32 11.26 12.71 13.70 14.34 11.90 
08/14/07 17.49 22.42 22.28 21.92 18.66 15.45 18.19 21.75 18.71 
08/21/07 21.58 28.43 29.22 29.22 22.61 25.88 25.54 15.23 25.54 
08/28/07 28.44 37.33 38.42 36.96 32.03 40.67 35.45 25.11 36.08 
09/06/07 38.2 50.8 51.3 50.0 38.9 40.7 45.9 39.6 46.8 
09/13/07 49.4 66.4 62.8 64.9 47.4 50.9 57.6 52.4 63.3 
09/20/07 52.3 68.2 68.2 63.9 58.6 54.5 67.4 62.1 69.9 
09/27/07 68.6 72.7 77.5 79.0 75.6 68.8 76.8 72.4 73.5 
10/04/07 68.7 85.7 95.1 83.4 97.9 83.1 80.1 84.1 90.8 
10/11/07 76.1 104.6 108.7 105.8 83.5 95.6 96.1 90.3 99.1 
10/18/07 84.4 110.5 121.4 103.7 103.5 95.1 99.7 93.8 104.0 
10/25/07 84.9 113.8 130.2 109.2 115.2 104.4 107.2 110.0 126.1 
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2008 - Growth 
Average Fish Weights (g/fish)  
Date Cohort 1 Cohort 2 Cohort 3
06/02/08 0.05 0.05 0.06 
06/04/08 0.08 0.08 0.08 
06/06/08 0.13 0.12 0.12 
06/09/08 0.22 0.22 0.19 
06/11/08 0.31 0.29 0.31 
06/13/08 0.48 0.43 0.45 
06/16/08 0.63 0.57 0.68 
06/18/08 0.63 0.61 0.72 
06/20/08 0.87 0.76 0.72 
06/23/08 1.1 1.0 0.9 
06/25/08 1.2 1.1 1.0 
06/27/08 1.3 1.2 1.2 
06/30/08 1.7 1.6 1.5 
07/02/08 1.9 1.7 1.6 
07/04/08 2.3 2.0 1.9 
07/07/08 2.9 2.6 2.4 
07/08/08 2.7 2.4 2.5 
07/11/08 3.5 3.7 3.3 
07/15/08 5.0 4.8 4.7 
07/18/08 6.3 5.5 4.8 
07/22/08 6.9 6.9 6.0 
07/25/08 9.0 8.1 7.3 
07/30/08 10.9 10.2 9.7 
08/06/08 14.2 13.0 13.6 
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APPENDIX D – HARVEST  
This appendix shows the harvest data collected each year along with the harvest 
date. The data is presented as the total wet biomass and average fish weight collected 
from each cohort. There was no final harvest for 2008 since the growing season was not 
completed, so the data collected when the fingerlings were removed from the system is 
presented. 
2005 - Harvest 
2005 Harvest: October 11, 2005 
 Total Wet Biomass
(lbs) 
Average Fish Weight
(g/fish) 
Cohort 1 1269.1 121.67 
Cohort 2 1529.5 138.99 
Cohort 3 1330.7 76.70 
Cohort 4 1370.2 56.30 
Cohort 5 1091.0 72.88 
Cohort 6 1238.8 124.05 
 
2006 – Harvest 
2006 Harvest: October 26, 2006 
  
Total Wet 
Biomass 
(lbs) 
Average Fish 
Weight 
(g/fish) 
Cohort 1 941 146 
Cohort 2 908 139 
Cohort 3 849 131 
Cohort 4 818 125 
Cohort 5 759 117 
Cohort 6 843 130 
Cohort 7 824 128 
Cohort 8 832 129 
Cohort 9 673 115 
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2007 - Harvest 
2007 Harvest: October 26, 2007 
 Total Wet Biomass
(lbs) 
Average Fish Weight
(g/fish) 
Cohort 1 784 84.9 
Cohort 2 1206 113.8 
Cohort 3 420 130.2 
Cohort 4 1102 109.2 
Cohort 5 62 115.2 
Cohort 6 1071 104.4 
Cohort 7 1184 107.2 
Cohort 8 309 110.0 
Cohort 9 1140 126.1 
 
2008 - Harvest 
2008 Harvest: August 6, 2008 
  
Total Wet 
Biomass 
(lbs) 
Average Fish 
Weight 
(g/fish) 
Cohort 1 134 14.2 
Cohort 2 122 13.0 
Cohort 3 124 13.6 
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